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© Vibration/noise control system for vehicles. 

© A plurality of pulse signals (trigger signals) responsive to driving of a power plant are directly supplied to 
respective adaptive control circuits each having an adaptive digital filter for controlling components of periodic or 
somi-periodic vibrations and noises ascribed to related component parts of a vibratiori/noise source. Further, the 
adaptive control is performed while varying a sampling frequency in response to changes in parameters of 
operating conditions of the power plant. Optionally, a control signal from the adaptive digital filter is corrected for 
gain. Further, periodic signal-eliminating means is provided for determining a transfer characteristic of a system 
to which the adaptive control is applied, based on a residual component signal from the periodic signal- 
eliminating means, a random signal having a low amplitude level, etc. 
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BACKGROUND OF THE INVENTION 
(Field of the Invention) 

5 This invention relates to a vibration/noise control system fc^^ yehicles, and. more particularly to a 
vibration/noise control system of this kind which is adapted ioj actively^ control vibrations and noises 
occurring In vehicles, particularly during operation of an engine installed thereon and/or during travelling of 
the vehicle to reduce the vibrations and noises. " - .f 

10 (Prior Art) x ■■ j J:.^ ] 

I . - . ! ■. , 

Recently, active vibration/noise control systems have been develope^d in various fields of the industry, 
which is adapted to damp vibrations and noises produced from vibration/noise sources by the use of an 
adaptive digital filter (hereinafter refenred to as the "ADF*^) to thereby reduce the vibrations and noises. For 

75 example, vibration/noise control systems of this kind have been propos^ by Japanese Provisional Patent 
Publications (Kokai) Nos, 62-1 64400 and 3-21 91 39. and WO88/0291 2. | 

Fig. 1 schematically shows the outline of a vibration/noise control syjstem of this kind, which is applied 
to an automotive vehicle. j 

The vibration/noise control system is essentially formed of .a vibtation/iioise sensor 502 for detecting 

20 vibrations and noises transmitted from a vibration/noise source 501-.-suGh-as an engine installed ,on the 
vehicle, an adaptive control circuit 503 which is supplied with 9 'referrence-signaf x carrying digital data on 
vibrations and noises detected by the sensor 502 and outputs a control signal having a transfer characteris- 
tic which are inverse in phase to a characteristic of the reference sigr^al x. an engine mount 504 arranged in 
a path through which vibrations and noises are transferred, a chassis 505 of the vehicle on which the engine 

25 is installed, and an error sensor 506. such as an acceleration..sensor Ranged on the floor of a compartment 
of the vehicle. ^ , . -'/--/rwi ^ • 

The adaptive control circuit 503 has an algorithm GonstRJ6tk)ri as shown in Fig. 2. which will be referred 
to as "Filtered-X-LMS Algorithm". More specifically, the adaptive control circuit 503 comprises a Wiener 
filter (hereinafter referred to as the "W filter") 507, which is an ADF having a finite impulse response (FIR), 

30 an adaptive algorithm (LMS) processor 508 which generates an optimum control signal (i.e. a control signal 
having the optimum transfer characteristic) by the use of the least mean square method (hereinafter 
refen-ed to as the "LMS metiiod") as the algorithm, and a correction digital filter (hereinafter referred to as 
tfie "C filter") 509 which corrects changes in phase, amplitude, etc. of the transfer characteristic of tiie 
control signal outputted from the W filter 507. 

35 The vibration/noise control system constructed as above operates in the following manner: As shown in 
Fig. 1. vibrations and noises detected by the vibration/noise sensor 502 are sampled and converted by an 
A/D converter 510 into a digital signal as the reference signal x. which is supplied to the adaptive control 
circuit 503. Then, the adaptive control circuit 503 generates and supplies a digital signal as the conti'oi 
signal to a D/A converter 511, where the digital signal is converted into an analog signal and supplied to the 

40 engine mount 504, from which the control signal is transferred through the chassis 505 and supplied as a 
driving signal y to the error sensor 506. 

On the other hand, the error sensor 506 is also supplied with a vibration/noise signal d directly 
transmitted from the vibration/noise source 501 , and generates an error signal € indicative of the difference 
between the vibration/noise signal d and the driving signal y. The enror signal € is converted into a digital 

45 signal by an A/D converter 512, and supplied to the adaptive control circuit 503 in a feedback manner. 
Namely, the error signal c represents a residual error remaining after the vibrations and noises transmitted 
to the error sensor 506 is cancelled by the driving signal y. The adaptive algorithm processor 508 is 
responsive to the error signal < to renew a correction amount lo a desired value by the use of a so-called 
step-size parameter u (a parameter which controls an amount of correction to be made whenever the error 

50 signal t Is supplied to the adaptive control circuit 503). to thereby establish causality such that the error 
signal « becomes the minimum value. More specifically, the LMS processor 508 calculates to form the 
optimum control signal such that the mean square error value {E{e^)} of the error signal ( will become the 
minimum value. Thus, the transfer characteristics of the control signal which is inverse In phase to the 
reference signal x is changed so as to reduce vibrations and noises. 

55 Further, in the vibralion/noise control system having the adaptive control circuit 503, the transfer 
characteristic of the palh through which the vibrations and noises is transmitted are determined in advance 
by and set into the C filter 509. which makes it possible to eliminate factors resulting from the influence of 
the engine mount 504. etc. . which cause changes in the transfer characteristic of the control signal 
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obtained from the error signal c. which makes it possible to supply the desired driving signal y to the error 
sensor 506. ■ \ ~ 

However, the proposed vibration/noise control system suffers from the following inconveniences: 

(1) The reference signal x supplied to the W filter 507 and the C filter 509 has a time series waveform, 
5 so that in each of the filters 507 and 509. convolution must be carried out for the reference signal x per 

each tap, which requires much time, in calculation. In other words, to control vibrations and noises having 
complicated characteristics, such as those occurring in an automotive vehicle or the like, it is necessary 
to set the number of signal taps^ of the filters to larger values. However, the larger the number of signal 
;taps. the longer the time period required to perform convolution in the filters, which lowers the 
10 converging speed of the AOF at which are reduced the vibrations and noises. 

(2) Noise and ghosts occurring during communication in electronic equipment and the like, or vibrations 
and noises from ducts, etc. in a plant generally have phases and/or waveforms which do not significantly 
change. Once the noise-transmission system has been identified or determined, the system shows a 
robust behavior, i.e. the system is stable so that it Is easy to establish causality, and hence there hardly 

IS arises a problem thai it takes; much time for the characteristic of the ADF to be converged to the 
optimum characteristic. On the* other hand, in reducing noises occurring within the vehicle compartment, 
road noises, or secondary vibrations of the engine, etc., the waveform of the reference signal x indicative 
of vibrations and noises supplied to the adaptive control circuit 503 varies in response to changes in the 
operating, condition of^the engine. This makes it difficult to establish causality, resulting in poor 

20 convergence of the characteristic of the ADF and hence incapability of reducing vibrations and noises to 
a desired degree: . ^ ■ > irKi t V: 

In other words, the wavefoi ms of regular vibrations and rxjises occurring from ducts, etc.. do not vary 
so much in phase* and ampliti"'^£.<Tn6refore;.the adaptive control circuit 503 is capable of generating a 
control signal pursuant to opt> • >^ ' oiiuitions of the vibration/noise source 501, so that the error signal € 

25 is reduced io nearly. 0< to ih3 :f - Mce Jhe -vibrations and noises to a desired degree. However, in the 
case of automoti>>e vehicles ^e.!**^^ like; the waveforms of vibrations and noises undergo significant 
changes in response to chengt. i-peratlng parameters of tlie engine such as the engine rotational 
speed and load on the engine, and hence the calculation time is necessarily long. Therefore, only noises 
and vibrations having the same waveform as the reference signal x can be suppressed to a sufficient 

30 degree. Thus, the adaptive control cannot be achieved to a desired degree with fully quick response. 

(3) Vibrations and noises are produced in an automotive vehicle in a complicated manner depending on 
operating conditions of the engine, such as the rotational speed and combustion state of the engine. 
Besides, they have particular waveforms and frequencies corresponding, respectively, to various operat- 
ing conditions of the engine. Therefore, if these variations and noises varying with changes in the 

35 operating condition of the engine are> processed by the use of a single kind of control signal in order to 
suppress tliem, the error signal « cannot be reduced to a desired value, thus failing to achieve fine 
control of the vibrations and noises. .r- . * . - 

(4) The A/D converter 510 has a fixed sampling frequency. However, in the case of a vibration/noise 
control system for an automotive vehicle or the like, the vibration/noise transfer path has a transfer 

40 function varying with changes in the engine rotational speed, etc. As a result, it is impossible to properly 
carry out the vibration/noise control. 

Further, as the adaptive algorithm of the ADF, there has been already proposed an algorithm called 
Error Scanning Algorithm, which is intended to reduce the amount of calculation per each sampling interval 
(Haruo Hamada, "SIGNAL PROCESSING FOR ACTIVE CONTROL". International Symposium on Active 
45 Control of Sound and Vibration. APRIL 9-11,1 991 . pp. 33-44). 

The operating principle of the proposed error scanning algorithm will be described with reference to Fig. 
3 showing a case where the number of taps of the W filter 507 is one, and the number of evaluating points 
as objects of the vibration/noise control is two (i.e. a first evaluating point and a second evaluating point). 
The ordinate represents an evaluated error J, while the abscissa represents a filter coefficient of the W filter 
50 507. 

In the figure, symbols Ji and J2 represent, respectively, a function of the evaluated error obtained at 
the first evaluating point and a function of the evaluated error obtained at the second evaluating point, which 
are represented by mean square errors {Eiei^)}. {E(e2^)} of the respective error signals ei, 02, and Wi and 
W2 represent values of the filter coefficient W at which the first and second functions Ji and J2 of the 
65 evaluated errors assume the minimum values, respectively. 

In the error scanning algorithm, the function of the evaluated errors occurring in the system as a whole 
is represented by a quadric curve of the sum (Ji + J2) of the first and second functions Ji and J2, and has 
the minimum value which corresponds to a value Wi +2 of the filter coefficient W. The filter coefficient W of 
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the W filter 507 is renewed to the value Vi>2 which is to attain the Tnihinnum value of the evaluated error, 
whereby the control signal generated by the W filter is optinnized. 

Thus, the error scanning algorithm is capable of reducing the amount of calculation within one sarr^pling 
interval, as connpared with known control algorithms, such as the multiple error= fillered-X-algorithm, and 

5 hence is suitable for application in a multi-channel vibration/noise control.system fOr controlling vibrations 
and noises from a plurality of vibration/noise sources or having^^a plurality: of' control areas (evaluating 
points). {./^ ^i- ■ ?:-v-\ : ' ■• 

In a case where a plurality of error sensors are provided^ at respective control areas in a power plant for 
driving an automotive vehicle for detecting vibration/noise error signals., output voltages from these error 

70 sensors vary as shown in Fig. 4 according to the engine rotational'speed NE.* Moreover, the output voltage 
V from a noise error sensor ENO for detecting a residual enror of noise within the vehicle compartment is 
relatively high as compared with the output voltage V from a floor vibration error sensor EFO for detecting a 
residual error of vibration of the floor of the vehicle compartment and. a steering vibration error sensor ESO 
for detecting a residual error of vibration of a steering wheel; lAs Bt^^result, if the above described error 

75 scanning algorithm is applied to a vibration/noise control systemvfon automotive vehicles, and error scanning 
is carried out in a low engine rotational speed region, e.g. in the vicinity x>f the idling engine. rotational speed 
NEIDL, the evaluated error J is converged in such a direction that: mainly i the output voltage V from the 
noise error sensor ENO is reduced. . i :? t( ; f r 

However, in controlling vibrations and noises in automotive . vehicles: pr^the like,, there are ca^es where it 

20 is not preferable to control the evaluated error J representative of remailFRng ^or uncontrolled, vibrations and 
noises as a whole to the minimum value, by such a simple calculation as described above: For instance, 
when the engine rotational speed is low as in the vicinity of theiidling ^engine totational speed NEIDL. noises 
are hard to be perceived by the sense of hearing. However, -thetJiiblse'efrdn sensor ENO detects noise by 
sound pressure level and hence the output voltage therefrom bec<sme?^f ^^atlvelyi high j.^^^ it is 

25 really preferable to reduce the steering vibration;Tather than the: ift \ >** sthin .the} compartment which are 
relatively imperceivable. when the engine rotational speedois low.if , uiuated error-J is .in fact converged 
in the direction of reducing the noises, but not in the directjon of r<i.i*-l^Citt^6 steering^yibration, resulting in 
failure to control vibrations and noises in a desired jDanner. s- ; .ifi tjoi; ,e i ' r i: 

30 SUMMARY OF THE INVENTION lo I rv-,;: 

It is a first object* of the invention to provide a vibration/noise control sysstem for a vehicle, which is 
capable of properly performing very accurate adaptive, conjtrol of periodic or semiiDeriodic vil)rations and 
noises occurring from vibration/noise sources in the vehicle lat ar^ iimproved- converging speed, and at the 
35 same time capable of coping with incessantly changing vibrations and noises^ . .; ! ^ 

It is a second object of the invention to provide a vibration/noise Gontrol:isy$temifor a vehicle, which is 
capable of vibration/noise control in. a manner suitable for the aural sensei.of the driver or the :oecupant{s). 

It is a third object of the Invention to provide a vibration/noise /control system for a vehide, which is 
capable of properly performing very accurate adaptive control of vibrations and noiseS; at a high converging 
40 speed even when characteristics of the vibrations and noises are drastically changed , due Jo . ar sudden 
change in the operating condition of the vehicle. 

To attain the first object of the invention, according to a first aspect of the invention, there is provided a 
vibration/noise control system for a vehicle having a chassis, a compartment, and a power plant for driving 
the vehicle,v periodic or semi-periodlci vibrations and noises being generated from at least one 
45 vibration/noise source including the power plant, arranged at at least one predetermined location on the 
chassis or in the compartment, the system including: 

first filter means for generating a control signal for changing a transfer characteristic of at least one 
vibration/noise-transmitting path formed between the at. least one source and the at least one predetermined 
location by filtering a predetermined input , signal supplied thereto, the ^ first filter means having a filter 
50 coefficient on which it operates; 

driving signal-forming means^for converting .the contrpl signal into la driving signal; 

electromechanical transducer means responsive to -the driving signal for controlling the vibrations and 
noises; , 

error signaHorming means for forming .an: error. signal indicative of residual vibrations and noises 
55 remaining after the vibrations and noises have, been , reduced by an output from the at leasl one 
electromechanical transducer means. through addition of vectors; 

second filter means for representing a transfer charapteristic of a vibration/noise-transmitting path 
formed between the driving, signal-forming means and the error signal-forming means, and generating a 
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reference signal; and .« 

control signal-renewing nneans fon renewing the filter coefficient of the first filter means such that the 
error signal assumes the minimum value, based on the error signal, the reference signal from the second 
filler means; and the filter coefficient fOf; the first filter means. 
5 ; The vibration/noise control system according to the invention is characterized by comprising: 

first driving repetition period signal-forming means for forming a first pulse signal indicative of a driving 
repetition period of the at least one vibration/noise source per a predetermined very small angle; 

second driving repetition period signal-forming means for dividing the first pulse signal to form a 
plurality of kinds of second pulse signals which are synchronous, respectively, with repetition periods of 
10 components of the . vibrations and noises Inherent to respective component parts of the at least one 
vibration/noise source; 

tap length- changing means responsive to a time interval between adjacent pulses of each of the second 
pulse signals formed by the second driving signal-forming means for changing a tap length (number of 
taps) of the first filter; . > . r . 

IS the first filter means having a plurality of adaptive digital filters, and the second filter means having a 
plurality of correcting digital filters corresponding,respectively. to the adaptive digital filters; and 

means for supplying; the second pulse signals formed by the second driving repetition period signal- 
forming means as the predetarmlned Input signal, respectively, to the adaptive digital filters and the 
correction digital filters. . , 

20 With the above anrangen^ent; the first pulse signal is frequency-divided into the second pulse signals 
corresponding, respectively, to particular repetition periods of vibrations and noises from the vibration/nolse 
sources at different locations, and the pulse signals are supplied to the respective digital filters so that 
control signals are supplied from the. respective digital filters, which each have, a value corresponding to the 
time interval betw65en ridjacent rp w r of a corresponding one of: the second pulse signals. As a result. 

25 complicate computation of ;convo!i;X:^ev i *>ntbe largely reduced, to greatly enhance the computing speed as 
well as Improve the accuracy and Sfseed of the adaptive control. 

Preferably, the vibration/noise .♦^tf"' : : system Inc external signal-generating means for generating 
an external signal indicative of. o;: .s*:inQ conditions of the power plant, and wherein the control signal- 
renewing means includes renewal amount-changing means for continuously changing an amount of renewal 

30 of the control signal in response , to the external signal. 

As a result, even when the transfer characteristic of vibrations and noises varies with an incessant 
change in the operating condition of the engine, the adaptive control can be carried out in response to the 
varying transfer characteristic with improved converging speed and increased rate of reduction in the 
vibrations and noises as desired. 

35 To attain the second object, according to the invention, the en'or signal-generating means comprises a 
plurality of error signal-generating means arranged at a plurality of predetermined locations as the at least 
one predetermined location for generating 'respective error signals corresponding, respectively, to the 
predetermined locations. The vibration/noise control system includes operating conditiorwJetecting means 
for detecting operating conditions of the power plant, and weighting means for weighting the error signals In 

40 dependence on the operating conditions of the power plant detected by . the operating condition-detecting 
means In dependence on the operating conditions of the power plant. 

With this arrangement, the weighting means weights the error signals in dependence on operating 
conditions of the power plant, and renewal of the filter coefficients Is effected based upon the weighted error 
signals, the reference signals from the second filter means, and the filter coefficients of the first filter means. 

45 In other words, residual errors detected by the error signal-detecting means are weighted In dependence on 
operating conditions of the power plant, so that the "weights" of the residual errors which contribute to the 
renewal of the filter coefficients can be varied In dependence on operating conditions of the power plant, 
e.g. an engine. This can realize effective reduction of vibrations and noises in a manner appropriate to the 
sense of the driver and occupants. . 

50 To attain the third object, the vibration/noise control system according to the invention is characterized 
by comprising: > . , 

first driving repetition period signal-forming means for forming a first pulse signal indicative of a driving 
repetition period of the at least one vibration/noise source per a predetermined very small angle; 

second driving repetition period signal-forming means for dividing the first pulse signal to form a 

55 plurality of kinds of second pulse signals which are synchronous, respectively, with repetition periods of 
components of the vibrations and noises inherent to respective component parts of the at least one 
vibration/noise source; 

sampling Interval-detenmlning means for determining a sampling interval governing sequential oper- 
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atlons of outputting and renewing the filter coefficient of the first filter nneans, based upon timing of 
detection of the first pulse signal detected by the first driving repetition 'period signal-forming means; 

transfer characteristic-correcting means for correcting a transfer characteristic of the second filter 
means according to the sampling interval determined by the samplihg interval-determining means; 
5 memory means for storing the transfer characteristic of the s^ond filter means corrected by the 
transfer characteristic-correcting means; ; / !r i . :< 

means for setting a tap length of the first filter means to :<i''varue substantially equal to a ratio of a 
frequency of the second pulse signal to a frequency of the first pulse signal; - ' . 

the first filter means having a plurality of adaptive digital filtersiHand the second filter means having a 
10 plurality of correcting digital filters con^esponding, respectively, to the^ adaptive digital filters; and 

means for supplying the second pulse signals formed by the second driving repetition period signal- 
forming moans, as the predetermined input signal, respectively, to the adaptive digital, filters and the 
correction digital filters. ' j . - . . 

With the above arrangement,the sampling interval governing sequential operations or outputting and 
75 renev/ing the filter coefficient of the first filter means Is determinedi b'ased upon timing of detection of the 
first pulse signal detected by the first driving repetition period signaWorming means. The; second pulse 
signals thus based upon the sampling interval are inputted to the digitai:'filters. As a result, even upon a 
change in the time interval of generation of the first pulse signal due to a change in the rotational speed of 
the engine, the sampling interval is varied correspondingly, so that the adaptive control is carried out in 
20 quick response to ihe change in the rotational speed, thus enablir^g highly accurate adaptive control. 
Besides, this reduces the frequency of interruption or termination of thet program and can make it possible 
to design the system simple in structure and stable in controls - i ;^ • 

Preferably* the vibration/noise control system according to the inventj«inf includesr . : ' ■ r ? \P 

third filter means interposed between the first filter means and:tf?^?^* *'4>ctromechanical transducer means 
25 for correcting a rate of change in the control signal from the' first ftl - . ians; the third' filter means having a ^ 
filter coefficient on which it operates; ' >• to h-z^^Q?. t^'.. , :. si » > f.' ■ • r.i 

corrected signal-renewing means for renewing the frltertcoeffP«4.rj^ ^ftthe ^ third filter such that theierror 
signal indicative of residual vibrations and noises assumes the mirfifn^ value, based on the error signal r 
and the filter coefficient of the third filter means:cv. r. ^.^tj • 

30 change rate-calculating means for calculating a rate of change in-the. driving, repetition period detected r 
by the first driving repetition period signal-forming means; : ' * 

determining means for determining whether or not th© rate of changed calculated by the change rate- ; - 

calculating means is larger than a predetermined value; : \ ~ f- 

and . - . , 

35 means for causing the corrected signal-renewing means :to operate while inhibiting the control signal- 
renewing means from operating when it is determined by the determining means that tfte rate of change 
calculated is larger than the predetermined value, and for causing ^Jthe control signal-renewing means to 
operate while setting the filter coefficient of the third filter means to a fixed value and inhibiting the 
corrected signal-renewing means from operating. r v : > i ^ 

40 With this arrangement, even in the case where the vibration/noise transfer characteristic drastically 
changes due to a sudden change in the operating condition so that the adaptive control cannot fully follow 
up such a drastic change in the transfer characteristic merely by changing the sampling interval; the control 
signal is suitably corrected by the third filter means to thereby enable reduction in the vibrations and noises 
to a desired extent. 

45 Further, to realize more effective and more accurate adaptive control of vibrations and noises, it is 
required to determine the transfer characteristic of the transmitting paths of vibrations and noises in a quick, 
and easy manner. To meet this requirement, the vibration/noise control system according to the invention 
comprises: ' ■ ■' > • 

first driving repetition period signal-forming means for forming a first pulse signal indicative of a driving 

50 repetition period of the at least one vibration/noise ^source per a predetermined very small angle; 

second driving repetition period signal-forming means for dividing the first pulse signal to form a 
plurality of kinds of second pulse signals which are synchronous, respectively, with repetition periods of 
components of the vibrations and noises inherent to .respective component parts of the at least one 
vibration/noise source; 

55 random signal-generating rheans for ai random signal having a small amplitude which is superposed on 
the control signal from the first filter means; and .? . - . - 

sampling interval-determining means for determining a sampling interval governing sequential oper- 
ations of outputting and renewing the filter coefficient of the first filter means; 
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the second filter means comprising: 

periodic signal component-eliminating means for forming a residual component signal by eliminating a 
periodic signal component ascnbed to the at least one vibration/noise source which is large in amplitude 
from the error signal formed by the error signal-forming means; 
5 transfer characteristlc-delermining means for determining a transfer characteristic of a path through 
which the vibrations and noises are triansmitled, based on the random signal generated by the random 
signal-generating means, the residual component signal formed by the periodic signal component-eliminat- 
ing means, and the filter coefficient of the second filter means; and 

memory means for storing the transfer characteristic determined by the transfer characteristic-determln- 
70 ing means. • ; « 

With this arrangement, the transfer characteristic, i.e. the transfer function of the vibration/noise- 
transmitting path Is determined based on 'the random signal, the residual component signal, and the filter 
CO' r'it iont of the second filter means, it Is possible to determine the transfer characteristic of the 
vlt'-.?\n)n/noise-transmitting path while at the same time the vibration/noise control is carried out Besides. 
75 the ^^ibration/noise control system can easily and quickly adapt itself to aging changes in characteristics of a 
system to which the present system is applied, such as a change in the ambient temperature, as well as to 
the specification and optional equipment of the vehicle, and further to the driving manner by the driver. 

The above and other objects, features and advantages of the invention will become more apparent from 
the ensuing detailed description taken in conjunction with the accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DR^ VviNGS 

Rg. 1 is a block diagram scher^iatically showing the whole arrangement of a conventional vibration/noise 

control system; V « : ■ . v ii:: ^ :: : ; 

25 Fig. 2 is a block diagram showivig tiie arrangement of a conventional adaptive control circuit (Filtered-X- 
LMS) appearing In Fig. 1; < onr.i:^:!. i fi. r- . . :. 

Fig. 3 is a graph' shov/ing opesf v^cfurvesnvhich are useful in explaining the operating principle of the 
conventional Error Scanning Al^j^p^^i'm; 

Rg. 4 is a graph .shovving characii;:3lics'cf esTor. signals of a conventional vibration/noise control system; 
30 Rg. 5 is a block diagram shewing the whole arrangement of a vibration/'noise control system for an 
automotive vehicle, according to a first embodiment of the invention; 

Rg. 6 is a cross-sectionat view showing essential parts of a valve-operating system used in an engine in 
Fig. 5; 

Rg. 7 is a side view showing the relationship between a camshaft and a crankshaft; 
35 Rg. 8 is a schematic view showing how an engine is mounted on the vehicle, and where error sensors 
are provided; 

Rg. 9 is a block diagram showing the whole arrangement of the vibration/noise control circuit appearing 
in Rg. 5; ■ - " 

Rg. 10a to Fig. 10e collectively form a timing chart which is useful in explaining kinds (frequency orders) 
40 of vibrations in which: 

Fig. 10a shows a basic pulse signal; 

Fig. 10b shows a first order pulse signal; 

Fig. 10c shows a 1 .5th order pulse signal; 

Fig. lOd shows a second order pulse signal; and 
45 Fig. lOe shows a third order pulse signal; 

Fig. 11a to Fig. 11c collectively form a timing chart which is useful in explaining a state in which a pulse 

of the basic pulse' signal fails to be generated, in which; 

Fig. 11a shows the basic pulse signal; 

Fig. lib shows the third order pulse signal; and 
50 Fig. 1 1c shows a reference-position signal; 

Fig. 12 is a block diagram showing details of the internal arrangement of an adaptive control circuit 

appearing in Fig. 9; . - ♦ ?" 

Fig. 13a to Fig. I3c collectively form a timing chart which is useful in explaining the relationship between 
a waveform of vibrations and noises and a point number N, in which; 
65 Fig. 13a shows a waveform of vibrations and noises; 
Fig. 13b shows a liming pulse signal X; and ' • 
Fig. 13c shows sampling clock pulses; 
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Fig. 14a to Fig. 14c are graphs which are useful in explaining how -a pseudo-period train of a reference 

signal R is formed, in which; p-.,....., r 

Fig. 14a shows the relationship of .a number J of taps of a C filter- and the point' number N; 

Fig. 14b shows a manner of forming the pseudo-period train oj the: reference signal R in a case where 

5 the number J of taps of the C filter is larger than the point Number N; and . r.' ---- 

Fig. 14c shows a manner of forming the pseudo-period train af';the«.reference signal R . in a case where 

the number J of taps of the C filter is smaller than the point Numbeh-N;: ; ^ . : 

Fig. 15 is a flow chart showing a routine for forming the reference signal R; - : ' ■ 

Fig. 16 is a diagram which is useful in explaining how the reference signal R is outputted; = 

10 Rg. 17 is a block diagram showing the whole arrangement of a vibration/noise control system for an 
automotive vehicle, according to a second embodiment of the. invention; ■■, ' ' • ^ 
Rg. 18 is a block diagram showing essential parts of a vibration/noisexontrol system according to a third 
embodiment; t\ • o, - /i 

Rg. 19 is a timing chart which is useful in explaining how a step-size parameten U is set; 

75 Fig. 20 is a block diagram showing a vibration/noise control circuit according to a fourth embodiment of 
the invention; -j^ ::v^ *• »' 

Rg. 21 is a flowchart of a routine for determining a weighting modeio-be.used;-,'. • - ^ 
Fig. 22 shows an EON map; . uijr.i' • .' '.iv. r 

Rg. 23 shows an EOF map; m ^ f- . 

20 Rg. 24 shows an EOS table; 

Rg. 25 is a flowchart of a routine for carrying out weighting proGes$in*S'l<^: ^ < ' > ; 

Rg. 26 is a graph showing output characteristics of correctiori elror s^^^ used for the weighting 

processing; : r < ^ '/n.- vC^niirjrn^^:**^ >i/.*(:i-«. ' • /• 

Fig. 27 is a block diagram showing a vibratbn/noise control circuit according to a fifth embodiment of the 

25 invention; .. • : ^t-Drv^r trij^^vv,^:- - ii)iy^i>-^\<l^ ■ y-K^ % r- ' 

Rg. 28 is a flowchart showing a routine for selecting transfer characteristics of the C filter; 

Fig. 29 is a flowchart showing another example of a routine. for;$e(p6<ng tr-ansfer/tGharacteristics of the 0 

filter; ..ivd/iiOQiA . ». , ■-■w ; 

Rg. 30a to Rg. 30c collectively fonm a tinriing chart which ^jteriM^I ^ in. :e?cplaining; how the transfer 
30 characteristic of the C filter is determinekJ, in which; : - v-v. nnivvo;i r- ;; ;v 

Fig. 30a shows clock pulses; ' « . i o . 

Rg. 30b shows a filter coefficient Or (used when a sampling frequencyiFr is used); and . 

Fig. 30c shows a filter coefficient Cs (used when a sampling fi^equency Fs is used); 

Fig. 31 is a flowchart showing a routine for determining the ^transfer characteristics of the C filter; 
35 Fig. 32 is a block diagram showing a vibration/noise control circuit: according to a sixth embodiment of 

the invention; 

Fig. 33 is a block diagram showing details of an adaptive control drcurt appearing in Rg. 32; 
Fig. 34 is a flowchart showing a routine for determining a renewing mode; 
Fig. 35 shows a eTHTAP table; 
40 Fig. 36 shows a PBATAP table; 

Fig. 37 is a block diagram showing a vibration/noise control circuit according to a seventh emtxxliment of 
the invention; 

Fig. 38 is a block diagram showing details of an adaptive control circuit appearing, in Fig, 37; and 
Rg. 39a to Rg. 39c are graphs which are useful in explaining how a pseudo-period train off a random 
45 reference signal L* or a residual component signal ij is made, in which: . 
Fig. 39a shows an annular train of a plurality of storages; 

Fig. 39b shows a manner of forming the pseudo-period train of the signal L' or iy ; and 
Fig. 39c shows the signal L' or i?. 

50 DETAILED DESCRIPTION 

The invention will now be described in detail with reference to Rg. 5 to Rg. 39 showing embodiments 
thereof. 

Referring first to Fig. 5, there is shown. the whole arrangement of a vibration/noise control system for an 
55 automotive vehicle according to the invention. In the figure, reference numeral 1 designates a four-cycle 
engine of a power plant for driving an automotive vehicle, which has six cylinders (hereinafter simply 
referred to as "the engine"). In an intake pipe 2 of the engine 1. there is arranged a throttle body 3 
accommodating a throttle valve 3' therein. A throttle valve opening (flTH) sensor 4 is connected to the 
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throttle valve 3* for generating an electric signal indicgtive pf the sensed throttle valve opening and 

supplying same to an electronic control unit (hereinafter referred to as "the ECU") 5. 

Fuel Injection valves 6 are each provided for each cylinder and arranged in the intake pipe 2 between 

the engine 1 and the throttle valve 3', and at a location slightly upstream of an intake valve, not shown. The 
5 fuel Injection valves 6 are connected 'to a fuel pump, not shown, and electrically connected to the ECU 5 to 

have their valve opening periods controlled by signals therefrom. 

On the other hand, an intake pipe absolute pressure (PBA) sensor 8 Is mounted at an end of a branch 

conduit 7 branching off from the intake pipe 2 at a location immediately downstream of the throttle valve 3'. 

for sensing absolute pressure (PBA) within the intake pipe 2, and is electrically connected to the ECU 5 for 
10 generating an electric signal indicative of the sensed absolute pressure PBA and supplying same to the 

ECUS. 

A TDC sensor 9 is arranged in facing relation to a crankshaft of the engine 1. 

The TDC sensor 9 generates a pulse as a TDC signal pulse at each of predetermined crank angles 
whenever the crankshaft rotates through 180 degrees, and supplies the TDC signal pulse to the ECU 5. 

IS TDC signal pulses indicate predetermined reference crank angle positions of each cylinder. More 
specifically, each TDC signal pulse' is generated at a predetermined crank angle position before TDC (the 
top dead center position) of.ihe cyiinder {^I Xo #6 cylinder) at which the compression stroke terminates; e.g. 
at 10 • BTDC. The ECU 5 measures the. time interval of generation of TDC signal pulses to determine the 
reciprocal of the engine rotational spieed NE. 

20 Further, a valve-operating sys't^milO ts provided at the top of the cylinder head of the engine 1 for each 
cylinder, which includes a pair !of '' 'i?atJSi valves and a pair of intake valves. A camshaft sensor 11 and a 
reference position signal senor 12 are mounted in facing relation to the camshaft of the valve-operating 
system 10. . ' : • • : r. . . • - 

The camshaft senscr 11 .geriC^ -^ r i pulsos of a basic pulse signal at regular intervals (i.e. every 30* 

25 of rotation of the cranksh. .ft) ever f Tctalions of the crankshaft, and supplies the pulses to the ECU 5. 

Further, the reference position . jnal sensor 12 generates a pulse as a reference position signal pulse 
at a predetermined crank angle pcsitionrbf - particular cylinder every two rotations of the crankshaft, and 
supplies the puises tc the ECU 5.:;'^ jpuJse oJ the reference position signal is generated at the predetermined 
crank angle position in syncfirorismiv/iV.j rj pulse of the basic pulse signal. 

30 A spark plug 13 of each cvli: ^.:r of the:engine is electrically connected to the ECU 5 to have spark 
ignition timing thereof controlled by a signal supplied therefrom. 

Further, a pair of self-expanding engine mounts 14a. 14b as electromechanical transducer means are 
arranged at a front portion of the engine. More specifically, the self-expanding engine mounts 15a, 15b have 
their upper ends connected to the engine via elastic rubbers 15a, 15b, and their lower ends supported by a 

35 chassis 16 of the vehicle. ' ' ; . . :: 

Further, the self-expanding engine mounts 14a, 14b have respective actuators 17a, 17b incorporated 
therein, which are formed of voice cal motors^(VCM), piezo-electric elements, or magnetostrictive elements, 
and controls transmission of vibrations of the engine by signals from the ECU 5 responsive to vibrations of 
the engine. More specifically, the self-expanding engine mounts 14a, 14b are formed therein with respective 

40 liquid chambers, not shown, which are filled with liquid, and operate to prevent vibrations from being 
transmitted from a vibration source (i.e. the engine 1) to the chassis, by means of antiphase vibrations of 
the elastic rubbers 15a, 15b fixed to the vibration source. 

Further electrically connected to the ECU 5 is a vibration/noise control circuit 18 for forming a control 
signal for controlling vibrations and noises in response to a signal supplied from the ECU 5, the control 

45 signal being supplied via the ECU 5 to the electromechanical transducer means. Further, in the vicinity of a 
flywheel rigidly fitted on the crankshaft, there is an-anged a rotation-detecting sensor 19 formed e.g. of a 
magnetic sensor for detecting rotation of the flywheel and supplying a signal indicative of the sensed 
rotation of the flywheel to the vibration/noise control circuit 18. . 

The ECU 5 comprises an input circuit 5a having the functions of shaping the waveforms of input signals 

50 from various sensors mentioned above, shifting the voltage , levels of sensor output signals to a predeter- 
mined level, converting analog signals from analog-output sensors to digital signals, and so forth, a central 
processing unit (hereinafter refen^ed to as "the CPU") 5b. memory means 5c formed of a ROM storing 
various operational programs which are executed by the CPU 5b, and various maps and tables, referred to 
hereinafter, and a RAM for storing results of calculations therefrom, etc., an output circuit 5d which outputs 

55 driving signals to the fuel injection valves 6. the spark plugs 13, the electromechanical transducer means, 
i.e. the engine mounts 14a, I4b, and the vibration/noise control circuit 18. 

The CPU 5b calculates, based upon engine operating conditions, a valve opening period or fuel 
injection period TOUT over which the fuel injection valves 6 are to be opened, by the use of the following 
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equation (1) in synchronism with generation- of TOG signal pulses: 

TOUT = TIM X K1 + K2 (1) - ...t /u'O oh. 

5 where TiM represents a basic fuel injection amount determined ac<eording ;to the engine rotational speed NE 
and the intake pipe absolute pressure PBA. TiM maps are used fbi^jdetewnining the value of TiM, which are 
stored in the ROM of the memory means 5c. - J ; » .>o c? i- i 

K1 and K2 represent correction coefficients and correction variables; respectively, which are calculated 
based on various engine parameter signals to such values depending- dn engine operating conditions as to 

10 optimize characteristics of the engine such as fuel consumption and acdelerability. :: ^ - > 

Next, reference is made to Fig. 6, which shows details of the valve-operating system 10. The valve- 
operating system 10 is arranged inside a cylinder head cover 21: which Is rigidly mounted on the top of the 
cylinder head 20. The system 10 is mainly comprised of an intake^ (or exhaust) valve 22. a valve spring 23. 
a rocker arm 25 adapted to make a seesaw motion about a shaft 24, a caml26 against which the rocker arm 

75 15 abuts, and a camshaft 27 on which the cam 26 is fitted. v.r.:r u ; t:J ; . 

The intake (or exhaust) valve 22 has a valve stem 28 extending through a valve guide 29. while being 
resiliently urged in a- valve-closing direction by the valve spring 23ifittedvOn; the valve stem: 28 between a 
surface of the cylinder head and a spring seat 30 formed on a rear portion' of thei valve stem 28- Further, a 
valve head 22* is integrally formed on a front end of the valve steirl 28. .The valve head 22' is disposed to 

20 abut on an opening 33 of an intake (or exhaust) port 32 to ctose the jjbrt^d^; fon establishing and intermpting 
communication between a combustion chamber 31 formed witbiwt^tl^ cylinder: head and the intake (or 
exhaust) port 32. . i^i* :m a^s • j - ; ' . ^ . 

In the valve-operating system 10» the cam 26 rotates in unison with the camshaft 27. and the rocker arm 
26. which is in sliding contact with the rotating cam 26, repeat0?SI>£ssJe^sva iseesaw.ymotioni against the 

25 urging force of the resilient valve spring 23 to move the intake (or iex( jast) valve *82upward and downward 
altennateSy. ^ ■■; ^v:'. -^, . hrc^ r^oiU^^. \ ...'^v/- J 

Further, as shown in Fig. 7. a camshaft pulley 34 is- rigidiy fitte J oi one.end 'of the camshaft 27. The 
camshaft pulley 34 is connected via a timing belt 35 to^a crankshaft :pu^ley 37; rigidly fitted on one end of 
the crankshaft 36 to be rotatively driven thereby.' Further,^ rigidly fittetticn ihe} other end of the crankshaft 36 

30 is a flywheel 38 having a number of starter gear teeth formedx)n a perH:^aJ'surface!.thereof. : 

Fig. 8 shows how the engine 1 is installed on the chassis' of the vehiclov and at which locations in the 
compartmem are arranged various error sensors: y-ry-- t o i' ^ v ^ > . - 

The engine 1 is supported on the chassis 44 via the self-expanding engine mounts. 14a, 14b which, are 
capable of changing their own vibration transfer characteristics, a conventional engine mount 39 which Is not 

35 capable of changing its own vibration transfer characteristics, a suspension unit 41 for .front (driving) wheels, 
and a support 43 for an exhaust pipe 42. o ; ' i / jc ^ ^ . . ,> ^3 " 

The suspension unit 41 is comprised of a suitable number?of.. self-expanding suspensions 41a which are 
capable of changing their own vibration transfer characteristics and a suitable number of, conventional 
suspension devices 41b which, are not capable of changing their own vibration transfer characteristics.. The 

40 support 43 is comprised of a suitable number of self-expanding, supports 43a which are, capable of changing 
their own vibration transfer characteristics and a suitable number of conventional supports 43b which are not 
capable of changing their own vibration transfer characteristics. The self-expanding suspensions 41a and 
supports 43a each have an actuator incorporated therein, similarly to the self-expanding engine mounts 14a. 
14b, and act to control the transmission of vibrations from the engine in response to respective signals 

45 supplied from the ECU 5 and depending upon vibrations of the engine. Further, a loud speaker 46 is 
arranged at a suitable location in a dashboard of the compartment 45 for controlling noises from the engine 
1. The self-expanding engine mounts 14a, 14b, the suspensions 41 a., the supports 43a and the loud speaker 
46 cooperate to form the electromechanical transducer nrveans. 

A noise error sensor 47 formed e.g. of: a microphone is ar/anged on a central portion of a ceiling of the 

50 compartment 45. while a floor vibration error sensor 48 is arranged on the floor of same. Further, a steering 
wheel 49 carries a steering vibration error sensor 50.:.The, noise, error sensor 47. the floor vibration error 
sensor 48. and the steering vibration error sensor* 50 will be collectively referred to as an error sensor 51 
hereinafter. . > : 

Fig. 9 shows, in a simplified manner, the internal construction of the vibration/noise control circuit 18 

65 and its related component parts of the vibration/noise control system, according to the present embodiment. 
In this emkx)diment, a so-called fixed sampling method , is used Jn which the driving frequency (frequency of 
clock pulses) for driving the ECU 5. e.g. 10 MHz, is used as a sampling frequency Fs to perform 
predetermined adaptive control. In the present embodiment, pulses generated from the camshaft sensor 11 
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are used as pulses of the basic pulse signal A mentioned herein^gtbove. 

The vibration/noise control circuit rl 8 Is mainly comprised of a frequency divider 52 for dividing the 
frequency of the basic pulse signal A supplied from the ECU 5 to form a plurality of kinds of timing pulse 
signals (input signals) X; synchronizing; circuits 54i to 544 for monitoring synchronism between the basic 

5 pulse signal A and the respective timing pulse signals X, a digital signal processor (hereinafter referred to 
as "the DSP") =55 which is supplied. with the timing pulse signals X from the frequency divider 52 through 
the synchronizing circuits 54i > 54^.rand :capabie of making high-speed calculations to perform adaptive 
control, a D/A converter 56 for converting control signals (digital signals) outputted from the DSP 55 into an 
analog control signal, an amplifier : 57r for amplifying the analog control signal supplied from the D/A 

10 converter 56. and the aforementioned error sensor 51 including the floor vibration error sensor 48 arranged 
on the floor of the compartment, etc. The vibration/noise control circuit 18 supplies the control signals to the 
electromechanical transducer mear>s 58 including the self-expanding engine mounts 14a, 14b arranged in 
paths through which vibrations: and noisetare transmitted, etc. 

The frequency divider 52 divides' the frequency of the basic pulse signal A into a plurality of timing 

15 pulse signals X according to characteristics of vibrations and noises inherent, respectively, to component 
parts '(the crankshaft 36 and parts) associated therewith, the valve-operating system 10, the combustion 
chambers '31. etc.) as their sources; ~ In the case of the six-cylinder engine according to the present 
embodimenti. four types of timing pulse signals X are formed. More specifically, in the case of a power plant 
for driving a vehicle, which comprises a four-cycle engine as used in the present embodiment, excitation 

20 forces* occurring within the four4cycte^-'engine. which cause generation of vibrations and noises, can be 
classified into the following threecgroupsrri L : ! ' 

(1) Excitation forces produced by '<rebiprocation of the mass of each piston.jincluding those produced 
from rotation of the.crankshaftje'qxe n : : ... . , : 

i' Excitation forces of this jgtou^are in the form of an inertia force, a couple of inertia, inertial torque. 
25 etcr • •'■■■•'^ i^--^ " fitiw nr»\'^:T. ./- a ^ . ? ■ 

(2) Excitation forces produced by reciprocation of the mass of each (intake or exhaust) valve of the 
valve-operating system; f 5- ?^te:j o^ " A 5 - r ^ m 

Excitation forces of this gnagp^er In^he form of .inertia, moment, etc. 

(3) Excitation forces produced ^by "e^^osion occurring within each cylinder; 

30 Excitation forces of this'greup^ult from variations in the state of combustion within the cylinder. 

In the present embodiment., the vibrations and noises are classified into four components: three 
components thereof ascribed to the movements of the pistons, the valve-operating system, etc. which will 
cause vibrations and noises having regular characteristics synchronous with the rotation of the engine, and 
one component thereof ascrit)ed to explosive pressure (excitation forces) which will cause vibrations and 

35 noises having irregular characteristics. Therefore, the aforementioned four kinds of timing pulse signals X 
are formed. More specifically, the three components having regular characteristics are indicated by 
corresponding three kinds of timing p'u4se signals X having a first frequency order, a 1.5th frequency order, 
and a second frequency order, respectively, while the last one component having irregular characteristics is 
indicated by one kind of timing pulse signal X having a third frequency order. In this connection, reference 

40 is made to a timing chart formed by Figs. 10a to lOe, in which is shown the relationship between the basic 
pulse signal A and the timing pulse signals X having the first frequency order, the. 1.5th frequency order, the 
second frequency order, and the third frequency order. The timing pulse signal X having the first frequency 
order shown in Fig. 10b is formed by pulses each generated whenever the crankshaft makes one rotation 
(corresponding to 12 pulses of the basic pulse signal A). The timing pulse signal X having the 1.5th 

45 frequency order shown in Fig. 10c is formed by pulses each generated whenever the crankshaft makes 2/3 
rotations (corresponding to 8 pulses of the basic pulse signal A). The timing pulse signal X having the 
second frequency order shown in Fig. lOd is formed by pulses each generated whenever the crankshaft 
makes 0:5 rotations (corresponding to 6 pulses of the basic pulse signal A). Further, the timing pulse signal 
having the third frequency order shown in- Fig; 'lOeiJ is formed by pulses each generated whenever the 

50 crankshaft makes 1/3 rotations (corresponding to 4 pulses of the ' basic pulse signal A). 

The four kinds of timing pulse signals X thus fornried make it .possibJe to.carry out adaptive control of 
vibrations and noises having complicated characteristics. More specifically, the timing pulse signals X 
having lower frequency orders (first. 1 .5th. and second frequency orders) are for controlling components of 
the vibrations and noises regularly produced from rotation of the crankshaft, etc. By performing the adaptive 

55 control responsive to each of these components, iit is possible to efficiently control vibrations and noises 
ascribed to inertia forces etc., generated according to rotation of the engine, etc. 

On the other hand, the explosion stroke takes place once in each cylinder per every two rotations of the 
crankshaft. Accordingly, in the case of a six-cylinder engine, six explosions occur per every two rotations of 
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the crankshaft, and the timing pulse signal X having the third frequency order is generated to control the 
connponent of the vibrations and noises related to the explosive pressure. By controlling this component 
related to the explosive pressure which has an Irregular characteristic by the timing pulse signal X having 
the third frequency order, separately from the other regular components, it is possible to more efficiently 

5 control the vibralions and noises. . - 

The synchronizing circuits 54i to 544 are each comprised- of synchronism-detecting means for 
detecting synchronism of the reference position signal from the :reference position sensor, 12, a pulse of 
which is generated per every two rotations of the crankshaft, with a corresponding one of the timing pulse 
signals X, and synchronizing means for synchronizing a pulse of the.reference position signal generated the 

10 next time with the con-esponding one of the timing pulse signals X; when the synchronism between the 
signals is not detected. 

More specifically, it is considered that vibrations and noises of the. engine are generated by excitation 
forces caused by movements of the pistons and parts associated therewith, the valve-operating system, and 
explosive forces occurring within the cylinders. The pistons each : make rone reciprocation per one rotation of 

IS the crankshaft, and hence the vibrations (excitation forces) are produced whenever the crankshaft makes 
one rotation. Further, in the case of a four-cycle engine, the intake stroke and the exhaust stroke each take 
place once in each cylinder per one rotation of the camshaft, i.e. per^itwo. rotations of the crankshaft, so that 
excitation forces ascribed to the valveoperating system are .generated once per one rotation of the 
camshaft, i.e. once per two rotations of the crankshaft. »• u :r>.'; ic::.. » ^ . . 

20 Similarly, the explosion stroke is executed once .per one rotation ..of the caiDShaft, i.e: once* per two 
rotations of the crankshaft, and hence excitation forces ascribed to th3/3xplosive, forces occurring within the 
cylinder are generated once per two rotations of the crankshaft.^ K*?iTiely, in the case of the four-cycle 
engine, all the characteristics of the vibrattons and noises can be exprossed or detennined based on the 
fact that the excitation forces thereof occur once per twd rotatfc ...i.Lifthe crankshaft, fin short, all the 

25 vibrations and noises occurring from the engine can be expressed wUii reference to the half frequency order 
of the vibrations and noises. 3r> • • "^ t v<^J f ^.M r . . - • » >' 

However, when a pulse of the basic pulse signal A fails to be detected, as shown in Fig. 11a. due to 
some external cause, and hence the timing pulse signal X fsils-tCv::eri^..ie,'ated as shown in Fig. 11b. the 
control signal from the DSP 55 cannot have desired, transfer chi-ruCteris^cs,' and further, such errors In 

30 phase of the control signal are accumulated ever after, whichcprevents tha vibration/noise control from being 
properly performed. To eliminate this inconvenience, in the present embodiment, the synchronizing circuits 
54i to 544 each having the synchronism-detecting means and the synchronizing means operate to avoid 
errors in phase of the control signal. ' ' - o . ; 

More specifically, the synchronizing circuits 54i to 54* monitor .the reference position signal from the 

05 reference position signal sensor 12, and an AND circuit, not shown, is incorporated therein, which generates 
a high level signal "1 " when the reference position signal and the timing pulse slgnal^X Inputted to the AND 
circuit are synchronized, i.e. when the two inputs are both at "i" level. On the other hand, when the 
reference position signal and the timing pulse signal X are not synchronized, the AND circuit outputs a low 
level signal "0". which means failure of synchronism between the reference 'position signal and the 

40 corresponding timing pulse signal X. Accordingly, the frequency divider 52 Interrupts generation of the 
timing pulse signals X, and then in synchronism with the next generation of the reference position signal, 
generation of the timing pulse signal X is resumed. 

The DSP 55 (shown in Rg. 9) has four kinds of adaptive control circuits 59i to 594 which are separately 
supplied with the tirning pulse signals X having first, 1 .5th, second, and third frequency orders indicative of 

45 the respective components of the vibrations and noises to be controlled. Further, the adaptive control 
circuits 59i to 594 are comprised of W filters 60i to 6O4 as ADPs, which are each variable in the number of 
taps (tap length) depending upon the time inten^al between adjacent pulses of the corresponding timing 
pulse signal X. synchronized filtered-X-LMS (hereinafter refenred to as "LMS") processors 61 1 to 61 4 which 
perform calculations to renew filter coefficients of. the W filters 6O1 to 6O4, and C filters 62i to 624 for 

50 correcting changes in transfer characteristics of the control signal Including changes in phase and amplitude 
thereof ascribed to a transfer function of the signal-transmitting path including the electromechanical 
transducer means 58 and the chassis 16. 

In the vibration/control system for an automotive vehicle constructed as above, the timing pulse signals 
X formed by the frequency divider 52 are supplied to the respective adaptive control circuits 59i to 594. 

55 Then, control signals (digital signals) XVoulputted from the adaptive control circuits 59i to 594 are each 
converted into an analog control signal, which is then amplified by the amplifier 57, and supplied to the 
electromechanical transducer means 58. The resulting controlled vibrations and noises are detected and 
supplied as a driving signal Y to the error sensor 51 . 
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On the other hand/ the error sensor 51 is supplied with a vibration/noise signal D from the engine 1 
directly transmitted to the sensor 51, and outputs an error signal « indicative of the difference between the 
vibration/noise signal D and the driving signal Y. The error signal € is supplied to an A/D converter 63, where 
it Is converted into a digital signal and< supplied to the adaptive control circuits 59i to 594 in a feedback 
5 manner. - - • • » 

Fig. 12 shows details of the interna! arrangement of one of the adaptive control circuits 59. 
The timing pulse signal X from the synchronizing circuit 52 having a predetermined frequency order of 
vibrations and noises to be controlled is supplied to the W filter 60. where the fitter coefficient of the W filter 
is renewed per each sampling interval (1/Fs) The W filter 60 generates a control signal X' responsive to the 
10 time interval between adjacent pulses of the timing pulse signal X supplied thereto, which is inverse in 
phase to a component of the vibration/noise signal D, and having a predetermined transfer characteristic. 

On the other hand, the error signal e generated by the error sensor 51 is supplied to a first multiplier 64. 
which is also supplied with a step-size parameter u for controlling a renewed correction amount for each 
supply of the error signal « from parameter control means 65. In this connection, the step-size parameter u 
76 is set to a predetermined value which optimizes the converging speed and the control amount obtained 
after the error has been converged, depending on a system to which the vibration/noise control system is 
applied. 

Then, the first multiplier 64 perfcrms convolution of the error signal € and the step-size parameter u to 
form an output signal U, which is supplied to a second multiplier 66. The second multiplier 66 is also 

20 supplied vM-i a reference signal R *ron\ the G filter 62 via a register 67 for the C filter 62. The C filter 62 is 
provided for the purpose of coipecting changes in the transfer characteristic of the control signal X', i.e. 
phase, amplitude, etc. (which chahges ^correspond to the transfer function of a path through which the 
control signal X* is transmitted while it is transformed into actual vibrations, through the electromechanical 
transducer means 58. the chassis 44. etc.. and supplied as the driving signal D to the error sensor 51 ). 

25 More specifically, the C filter 62 is supplied with the timing pulse signal X at a predetermined sampling 
frequency Fs. and generates, without convolution; the' reference signal R having a predetenmined transfer 
characteristic, v/hich' signaPis forilrri^ ^ecsl^^'bri ^4ilter coefficient corresponding to the transfer function of 
the above-mentioned path thVough%1^Uih'th^ cdritrol signal X' passes. The reference signal R is supplied to 
the register 67. and thereafter to ^he ^cond hnu^pliei^' 66. 

30 The second multiplier 66 mufKipHes^=the reference signal R by the aforementioned output signal U, and 
converts the resulting product into an output signal V having a negative value. The output signal V is 
supplied to a first adder 68. - i!? . . i. i . . . .v 

Then, an output signal from the first adder 68 is stored into a delay circuit 69, which supplies an output 
signal per every sampling interval to renew the filter coefficient of the W filter 60. 

35 The filter icoefficidnt o>f the W fitter 60 is thus renewed per every sampling interval, which enables to 
reduce the vibrations and noises having the aforementioned periodicity and pseudo-periodicity. 

More specifically, the C filter 62 has thd following' function: It has a pseudo-period train-forming means 
for forming a pseudo-period train (C-) of the filter coefficient (CA) of the C filter 62 in order to adapt an 
output therefrom to the number of taps (tap length) of the W filter 60, which tap length varies according to 

40 the time inten^al between each pair of adjacent pulses of the timing pulse signal X supplied thereto. A 
manner of forming the pseudo-period train of the filter coefficient will now be described. 

Fig. 13a to Fig. 13c show the relationship between a periodical waveform indicative of a component of 
the vibrations and noises to be controlled, and a point number N indicative of the ratio of the vibration/noise 
repetition period T (detemnined by the time interval between adjacent pulses of the timing pulse signal X 

45 supplied thereto, as described above) to the sampling interval t. The number of taps (tap length) of the W 
filter 60 is determined by the repetition period T. 

More specifically. Fig. 13a shows a periodic waveform of the component of the vibrations and noises to 
be controlled, while Fig. 13b shows the timing pulse signal X supplied to both of the W filter 60 and the C 
filter 62 in synchronism with the repetition period of the waveform, more specifically, with generation of 

50 every predetermined number of pulses of the basic pulse signal determined by a particular one of the 
frequency orders described hereinabove, and- Fig. I3c shows sampling clock pulses generated by the ECU 
5. 

As is apparent from Figs. 13a and 13b, since the vibration/noise repetition period T is detected by 
measuring the time interval between adjacent pulses of the timing pulse signal X generated, the point 
55 number N (= T/t) is calculated by dividing the vibration/noise repetition period T by the sampling interval r. 
Fig. 14a to Fig. 14c show how the pseudo-period train of the filter coefficient (CA) of the C filter is 
formed. The point number N is made to correspond to the tap length I, i.e. number of taps, of the W filter, 
and as shown in Fig. 14a. a tap length J. i.e. the number of taps of the filter coefficient (OA), which 
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corresponds to the aforementioned transfer?, function of the path through which the control signal passes 
while being transformed into actual vibrations. Is compared with the point number N. When the tap length J, 
i.e. number of taps, of the filter coefficient (CA) is longer than the/point number N, a calculation is made by 
the use of the following equation (2), by sequentially adding up values of the filter coefficient (CA) divided 
5 by the the point number N, to form a pseudo-period train (C-) of the filter coefficient (C A), as shown in Ifig. 
14b: • . ■ ^ • • ' • .: 

JdivN f,,. 

'0 C~ - X CA (n - aN) ■ .Vi (2) 

^ a = 0 ' ^ ^ . . — ' • . ' 

■ i. . ■ •• ' ' . ' ' 

(n = 0. 1.2 n-1) . i . v::;. ' 

75 (a = 0, 1, 2, JdivN) ' . . • ; 

i ^ ■ ^ * 

wherein C- represents the pseudo-period train. CA the filter coefficient of the C filter. J the tap length, i.e. 
number of taps, of the C filter. N the point number, and JdivN an in^e^er obtained by omitting fractions of 
J/N. 

20 On the other hand, when the number of laps J of the filter conffident (CA) is smaller than the point 
number N. a calculation is made by the use of the following equat:or> .(?;v as shown in Rg.14c. a numtier 
(N -J) of "0" are added to.form the pseudo-period train of the filtsr .coe^cient (CA): 

. :;r * u !V»:t '.;•*■ 

C = [CAj 0= 0. 1 J-1). 0 .... 0] (3) .^i .6 -IS . - . . . 

25 ■ ' ' f ' ^ ■ \ ■ 

wherein the number of 0 in the portion of (0 .... 0) is (N - J) . w : > i . a : : 

Thus, the pseudo-period train of the filter. coeffident (CA):Ofrt^*'^ .r ;^'tpr.c^^^ by-comparing 
between the tap length J of the filter coefficient (CA) and the point nri />er N. and making the calculation by 
the use of either the equation (2) or the equation (3) depending -.en the, result of the comparison. The 
30 pseudo-period train (C-) of the filter coefficient (CA) calculated as-r^bcx^-i) is stored into the register 67, and 
then supplied as the reference signal R to the second multiplier 66.;. ^ ... , . w . 

Fig. 15 shows a program for forming the pseudo-period train of the filter coefficient of the C filter, which 
is executed in synchronism with inputting of eachipulse of the tinning pulse signal X to the C filter 62. 

Rrst at a step SI. the point number N is calculated. More specifically, the vibration/noise repetition 
35 period T corresponding to the time Interval between adjacent pulses of the timing pulse signal X generated 
is divided by the sampling interval t to calculate the point nurnber. N ( = T/r). . . » .t . 

The point number N is equal to the tap length I of. the W. filter 60. since the same timing pulse signal X 
is supplied to the W filter 60. Then, it is detenmined at a step; S2 .whether or not the point number N Is 
smaller than the tap length J of the filter coefficient (CA). stored-iri the .C filter 62,, whic);i corresponds to the 
40 aforementioned transfer function of the path through which the control signal Is transmitted. 

If the answer to this question is affirmative (YES), i.e. if N < J. a calculation of the pseudo-period train 
(C-) is made from the filter coefficient (CA) stored in the C filter 62 by the use of the above equation (2) at 
a step S3, whereas if N ^ J. by the use of the at)ove equation (3) at a step S4. 

After two Identical sets of each period of the thus-fonmed new pseudo-period train (C) are stored into 
45 the register 67 for the C filter 62. at a step S5. a count value k of a counter, not shown, for counting the 
number of clock pulses after a pulse of the timing pulse signal X has been supplied to the C filter 62, is set 
to a value of 0. i.e. from this time point the counter starts operating so as for the newly supplied pulse of the 
timing pulse signal X to cause the adaptive control circuit 59 to operate based on the count value, followed 
by terminating the program. . . ; " 

50 By the use of the identical two, sets of each period of the pseudo-period train (C--) of the filter 
coefficient stored in the register 67 for the C falter. 62, the reference signal R is outputted from the register 
67 by shifting a reading range of the reference signal corresponding to one period of the pseudo-period 
train, as shown in Rg. 16. More specifically, with reference to a time point (k = 0) at which a pulse of the 
timing pulse signal. X is supplied to the C filter, the reading range of the reference signal R is shifted, to 
55 output one form of the reference signal R based on the same pseudo-period train whenever a kth sampling 
clock is supplied thereto. ^ . 

Alternatively, the reference signal R may be outputted. from the register 67 by shifting the reading range 
of the reference signal R every sampling Interval, although detailed description thereof Is omitted. 
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Thus, according to the embodiment, the timing pulse signal is directly supplied to the adaptive control 
circuit 59 as a trigger, which reduces complicated operation of convolution, to thereby enhance the 
converging speed of the adaptive (CqntrQl for reducing the vibrations and noises. Further, according to the 
embodiment, the timing. pulse signal XjS: supplied at time intervals depending on operating conditions of the 
5 engine, and the number of; taps, (tap;, lepgth) of the W filter 60 is varied according to the time Intervals. 
Further, the pseudo-period train (Cr-), of Ihe .filter coefficient of the C filter 62 is formed according to the tap 
length of the W: filter .60. to. form the r^eferenqe , signal R. Therefore, the adaptive control is carried out in 
response^ to operating conditions of. Jhe: engine, which makes it possible to control vibrations and noises in a 

proper and very accurate, manner, , J oj 0 

10 Furthermore,; the pseudo-period; itrain of the coefficient of the C filter is calculated by the use of the 
predetermined equations, according to the tap length J of the predetermined filter coefficient stored in the C 
filter and the point number N, which makes it possible to easily form the desired reference signal R by 
simple program calculation: .. , ^, ,ri: ; , 

Further, although components of vibratipps and noises to be controlled corresponding to the frequency 

75 order ascribed to the explosion,, pi:e?sure ^generated in a plurality of cylinders are collectively subjected to 
the adaptive control in the .above described embodiment, different adaptive control circuits 594i to 5946 
may be provided, instead, for respecti^ve cylinders .to control the components of vibrations and noises, as 
will be described hereinbelow^with refisrepce to Fig. 17 showing a, second embodiment of the invention. 
In the second embodirnent Qf thprvibration/noise control system, the timing pulse signal X formed by 

20 dividing the t}asic pulse.:signat?A;ls^'S'jpplied,:to .a first switching circuit 70. The first switching circuit 70 is 
comprised of a counter which is incremented by a value of 1 whenever a pulse of the timing pulse signal X 
is supplied thereto. Whenever the counter counts up, the timing pulse signal is sequentially supplied to a W 

filter 6O41, W filter 6O42 and W filter OOic. outputs from the W filters 6O41 to =6046 are sequentially 

supplied via the predetermined signal-transmitting path described above, as the driving signal Y, to the error 

25 sensor 51.. Then, the enrpr^ sig.Ofilxie».tiip.diisa^^ the difference between the driving signal Y and the 
vibration/noise signal :&.ls> generataplriS!^ tte -erfor. sensor 51, and supplied to the A/D converter 63, where it 
is converted into a digital sigriaLdTh^i^itte digital signals supplied to a second switching circuit 71 which 
counts up in synchronism witl^ th^r>, .inting^dy the first, switching circuit 70, to be sequentially supplied, 
respectively, to corresponding adaiJM'fjd H^ntrol circuits 594 1 to 5946 in a feedback manner. A corresponding 

30 one of LMS processors lOUi : . to, 64^x0 generates the optimum control signal suitable to the physical 
arrangement- of a corresponding, .one of cylinders to perform the desired adaptive control. That is. if a 
component of the vibrations and nqises having such a particular frequency order mentioned above is 
governed by inertia, a difference in physical arrangement between the cylinders causes a small difference 
in the component since it is represented by . the resultant of forces. However, a componerrt in the vibrations 

35 and noises resulting ;from excitation forces generated by combustion within each cylinder largely varies with 
a difference in physical arrangement between the cylinders.- 

Therefore, in the secondiembodiment. the^ W filters,604i to 6O4G are provided for respective cylinders, 
and the fitter .coefficients of the. filters are; sequentially renewed by operation of the first and second 
switching. :circuits 70 and. 71 to thereby compensate for a difference in contribution of combustion l^etween 

40 the cylinders to the resulting > component of vibrations and noises. Thus, it is possible to reduce the 
vibrations and noises without the influence of differences in physical arrangement between the cylinders. 

Further, although, in the above described embodiments, the pulse signal generated in synchronism with 
rotation of. the camshaft 27 is used as the basic pulse signal A, this is not limitative, but any other pulse 
signal may be used insofar as it is generated in synchronism with rotation of the engine. For instance, a 

45 crank angle sensor (CRK sensor) may be provided in facing relation to the crankshaft, and an output signal 
from the CRK sensor may be used as the basic pulse signal A. Further, one of factors causing changes in 
the engine torque, which results from differences, in state of combustion between the cylinders, may be 
represented by a sparking pulse signal for igniting, the. cylinders, and this signal may be used as the basic 
pulse signal A. Further, a combination of these signals may: be, used as the basic pulse signal A, instead. 

50 Fig. 18 shows essential parts of a vibration/noise control circuit according to a third emt)Odiment of the 
invention. In this embodiment, a LMS. processor 72.h4s paranneter control means 73 which has parameter 
changing means for continuously changing the step-size parameter u according to an external signal 
supplied from the ECU 5. The parameter changing means has calculating means for calculating an amount 
of change of the step-size parameter u based on the external signal and the error signal €. 

65 More specifically, the CPU incorporated in the . ECU, 5 reads detection signals indicative of engine 
parameters (the engine rotational speed NE, the intake, pipe absolute pressure PBA, the fuel injection period 
TOUT, the throttle valve opening 0TH) and calculates change rate signals (once-differentiated signals) 
indicative of change rates in the detected parameters, i.e. dNE/dt. dPBA'dt. dTOUT/dt and dOTH/dt, change 
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acceleration signals (twice-differentiated signafe) Indicative of accelerations of change in the detected 
parameters, i.e. d^NE/dt^. d^PBA/dt^, d^TO JT/dt^, and d^eTH/dt^, and at least one of these detection signals, 
change rate signals, and change acceleration signals or a combinatldri of the signals is/are supplied as the 
external signal to the parameter control means 73. The parameter ^control means 73 sets the step-size 

5 parameter u to values suitable to always changing operating condilions of the engine. 

Factors reducing the vibrations and noises, Include the converging speed for converging the control 
signal to a desired value, and a reducing effect which minimizes the' error signal indicative of a residual 
error in the control signal. One way to enhance the converging speed^and the reducing effect wouId.be to 
reduce the number of taps of the filter coefficient of the W filter 60 to be renewed for generating a suitable 

10 control signal X'. However, in the case where a system to which the vibration/noise control system is to be 
applied always or constantly varies in operative state, it is required to provide a large number of taps of the 
filter coefficient for renewal in order to attain a satisfactory reducing effect, and hence it is difficult to 
improve the converging speed by reducing the number of taps of the filter coefficient for renewal. Further, 
as the adaptive algorithm, it is considered that the conventional LMS method in wide use is most preferable. 

75 Further, although the computing speed of computers has been markedly increased recently along with 
technical development in the computer field, it is difficult to achieve desired increase in the converging 
speed even by the present increased computing speed of a'^computer-used. 

In contrast, as to setting the value of the step-size parameteiV it is known that there exists a 
mathematical limitation which is expressed by the following equation (4) (disclosed e.g. by Haruo Hamada 

20 in "Fundamentals (No. 2) of the Adaptive RIter", Joumal of Japanesa^^Acbustics Association, Vd. 45, No. 9 
(1989)): ■ ' ....M.-mnr)-: r.- . 

0<u<1/Xmax (4) ' • " ' ' = 

25 where xmax represents the maximum eigenvalue of a correlatito r. alix based oii a mean square value of 
tap inputs to the W filter 60 and a correlation function betw&en t:Ve : vU." putSi If' tiie^step-size parameter u 
is set to a larger value, the converging speed increases accoro;r ',V'bUi the stability in the control of 
vibrations and noises generated by the applied system is bSu; wh: :*. \ J if it is set to a smaller value, tiie 
stability is secured, but the converging speed decreases. Further.*- ..i ictjal' application of the step-size 

30 parameter it is set to a value much smaller tiian a value ^ of 'S/Xma^; and even close to "0", to thereby 
attain stability of the applied system. Particularly, it is known that if an error due to signal noise is detected 
when the filter coefficient of the W filter 60 reaches the optimum value, tiiere occurs a phenomenon of so- 
called "fluctuation". Therefore, if the step-size parameter a is set to ;a large value, the "fluctuation" also 
becomes large, and hence the reducing effect after convergence decreases. On the other hand, for- 

35 automotive vehicles, it is preferable to set the step-size parameter u to a small value to preferentially 
achieve desired stability of the applied system when the operating condition of the engine is steady, while it 
is preferable to set the step-size parameter u to a large value* when the operating condition of the engine 
largely changes, so as to follow up a sudden change in the operating condition. The third embodiment of 
the invention contemplates the step-size parameter u having the above described influence on the control 

40 of vibrations and noises. According to the embodiment, by the use of external signals indicative of operating 
conditions of the engine, the step-size parameter is continuously changed to form the control signal X* in 
response to incessantly changing conditions of the system to which tiie vibration/control system is applied. 

Fig. 19 shows timing of various external signals, which is useful in explaining an example of tiie 
parameter changing means. In tiiis example, as the external signals, there are used signals indicative of the 

45 throttle valve opening eJH and the engine rotational speed NE, change rate signals thereof indicative of 
dfiTH/dt and dNE/dt, for changing tfie step-size parameter u. 

More specifically, when the operating condition of the engine undergoes a sudden transient change, e.g. 
if the throttle valve opening 0TH of the throttle valve 3' is drastically changed (from elH to fiTHI), the fuel 
injection amount (fuel injection period TOUT) immediately increases to cause the output torque T to change 

50 with almost no delay (from TO to T1), and hence the step-size parameter u is increased simultaneously with 
the change in the throttle valve opening eTH, as indicated by t1 in Fig. 19. 

On the other hand, the engine rotational speed NE starts to change with a slight delay after the throttle 
valve opening eTH starts to be changed, as Indicated by t2 In the tigure. Then, upon the lapse of a 
predetermined time period after the completion of change of the throttle valve opening eTH, as shown by t3 

55 in the figure, the change in the engine rotational speed NE is completed, as indicated by 14 in the figure. 
Accordingly, It is required that tiie step-size parameter u should be maintained at a predetermined value of 
Ul until the change in the engine rotational speed NE is completed. 
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To this end. the parameter control means 73 is adapted to pjsrform a calculation such that the step-size 
parameter u Is increased at the. (time? point t1 (before t2) the throttle valve opening aTH starts to be 
suddenly changed, and it is decreased^ at: the time point t4 (after t3) the change in the engine rotational 
speed NE is completed. ' • • iM j^t !<» i:- 

More specifically, according . to th^ present embodiment, the step)-size parameter u is calculated based 
on the following-equations (5) and (6):depending on the changing speeds (change rates) of the throttle valve 
opening TH.and the engine rotational^jspeed NE. in order to sensitively respond to changes in phase and 
amplitude of the transfer .characteristics of the vibrations and noises: 

Bn the case of - - ; . r ■ ■ -ovd m 



P 1 I I > ^2 I 



and - /.;!snr>i;:: :t'n?>'x -' • ■ 

in the case of . i ' -'^- ?i.:r^ '»«.;''t<^idiv f>'iM-"<^ * 



• ^. ■ V-*^ £ .'»^. lr:a lO'tie C7^?0»-. I =r P 2 I ~^ | 



35 where a(-1 < a < 0) represents a-correctiort coefficient (e.g. -0.50, NEIDL a value of frequency (e.g. 10 Hz) 
conresponding to the Sidling rotational speed of 'the engine (e.g. 600 rpm), and NEmax a value of frequency 
(e.g. 100 Hz) corresponding to. the maximum engine rotational speed (e.g. 6000 rpm). Further. Uo 
represents a value, of the step-size parameter u (e.g. 0,05) assumed when the engine is idling, 

Furthef, '/3i represents a coefficient (e^g. 1.51 to 15.8) which is determined based on the step-size 

40 parameter u* and ':the maximum (value of the changing speed of the throttle valve opening dTH, and i32 
represents a coefficient (e.g. 0.03 to 0.33) which is determined based on the step-size parameter u and the 
maximum value of the changing speed of the engine rotational speed NE. 

As is apparent form Figi 19. from the time point t1 to the time point t2, the relationship of \ 60 
TH/dt|) X (i32|dNE/dt|) holds, and accordingly, the step-size parameter u is calculated by the use of the 

45 equation (5); from the time point t2 to the time point t3, the step-size parameter u is calculated by the 
equation (5) or the equation (6) depending upon the relationship in value between (^i| deTH/dt|) and (fi 
2|dNE/dt|); and from the time point t3 to the time point t4. the relationship of \ ddTH/dt|) ^ (/3 2|dNE/dt|) 
holds, and accordingly, the step-size parameter u is calculated by the userof the equation (6). 

In this manner, when the engine rotational speed NE ;is low. and. hence: the repetition period of the 

60 waveform of the vibrations and noises generated in synchronism : with the rotation of the engine is large, the 
step-size parameter u can be set to. a larger rvalue than when the. engine frotational is high, which enables to 
prevent the converging speed from being lowered even when the engine rotational speed NE is low. 

Further, according to the vibration/noise control system for automotive vehicles according to the 
invention, the ECU performs calculations for detecting the engine operating parameters based on external 

65 signals supplied thereto, while the parameter control means 73 within .the LMS processor 72 of the DSP 
calculates the step-size parameter u, which: makes it possible to maintain the amount of lowering in' the 
computing speed at the minimum. 
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Thus, according to the third embodiment, it is possible to perform the adaptive control with excellent 
converging capability and hence can prorriptly respond to changes in phase, amplitude, etc. in waveforms 
indicative of incessantly changing vlbralion/noise characteristics, to thereby attain a marked reduction of 
vibrations and noises over a wide range of operating conditions of the engine. More specifically, when the 

5 operating condition of the engine changes slightly, the step-size parameter u is set to a smell value, 
whereas when the operating condition of the engine changes drastically, the step-size parameter u is set to 
a large value, whereby it is possible to attain a converging spe.ed and a vibration/noise-reducing effect 
suitable for changes in the engine operating condition. Moreover." since the . computing operations for 
forming external signals are canried out within the ECU 5, a large increase can be prevented in the amount 

70 of computation within the LMS processor 72. Further, according to the present embodiment, the throttle 
valve opening OTH Is used as an engine operating parameter indicative of a change in load on the engine in 
calculating the step-size parameter u. However, it goes without saying that the throttle valve opening OTH 
may be replaced by or may be used in combination with the intake pipe absolute pressure PBA detected 
by the PBA sensor 8. 

75 Further, although, in the third embodiment, the step-size parameter u is continuously varied based on 
changing speeds of engine operating parameters such as the throttle valve opening 0TH and the engine 
rotational speed NE. this is not limitative, but preferably change accelerations of these parameters {(P 
0TH/dt^' d^NE'dt^, d^flTH/dt^, etc.) may be used as external signals;Ud adapt the vibration/noise control to 
more promptly respond to changes in phase, amplitude, etc. of the waveform of the vibrations and noises. 

20 Further, signals Indkrative of these operating parameters, changing spsods thereof, and change accelera- 
tions may be used in combination with each other to form exteinal ssgnats, based on which the step-size 
parameter u is calculated, whereby the converging speed and the vibration/noise reducing effect can be 
further enhanced. 

Rg. 20 shows the arrangement of a vibraticn/noise control circi' of a vibration/noise control system 

25 according to a fourth emtx>diment of the invention, in which a noise errvz sensor 47, a fioor vibration sensor 
48 and a steering vibration error sensor 50 are provided on the ceilingi. the floor, and the steering wheel in 
the compartment of the vehicle, respectively, to detect respective errors, and based on the results of 
detection, weighting processing is carried out depending on operating Cv..nditions of the engine 1. 

More specifically, in the vibration/noise control system according to the fourth embodiment, the DSP 76 

30 has three adaptive control circuits 74i to 743 provided for separately caroring out the adaptive control in 
response to outputs from the three error sensors, collectively indicated by 51 (individually. 47. 48. and 50). 
and a weighting processor 75 for performing weighting operation based on results of detection by the error 
sensors 51 and depending on operating conditions of the engine. The weighting processor 75 includes an 
input circuit, a CPU, and memory means, as does the ECU 5. 

35 In the vibration/noise control system according to the fourih embodiment, the basic pulse signa! from 
the ECU 5 is divided to form the timing pulse signals X, which are supplied to the DSP 76. i.e. to W filters 
77i to 773 and C filters 78i to 783 of the adaptive control circuits 74i to 743. Then, control signals: Xi' to 
Xa* generated by the W filters 77-. to 773 are supplied to D/A converters 79i to 793. where. they are 
converted into digital signals, which in turn are supplied to amplifiers QOi to 8O3 to be amplified. The 

40 amplified. The amplified control signals are supplied to the electromechanical transducer means 5C 
provided across the vibration/noise-transmitting paths, and the resulting vibrations and noises transmitted 
through the chassis 44. etc., are detected and supplied as driving signals Yi to Y3 to the respective enrcr 
sensors (the noise error sensor 47. the floor error sensor 48 and the steering error sensor 50). These three 
error sensors 51 generate error signals EN. EF, ES, respectively, which are supplied via AID converters 81-. 

45 to 81 3 to the weighting processor 75. 

On the other hand, signals from the TDC sensor 9. the PBA sensor 8 and an atmospheric pressure 
(PA) sensor, not shown, are supplied via the ECU 5 to the weighting processor 75. The weighting processor 
75 performs predetermined weighting, processing for the error signals EN. EF, ES depending on data 
obtained from the operating condition parameter signals. Outputs from the weighting processor 75 are 

50 supplied to the adaptive control circuits 74-. to 743 corresponding to respective control regions (evaluating 
points) where the error sensors are arranged, specifically to the LMS processors 82i to 823. respectively. 

Next, there will be described in detail a manner of the weighting processing carried out by the weighting 
processor 75. 

Fig. 21 shows a program for determining a mode of weighting processing to be performed, which Is 
55 executed by background processing. 

Frrst, al a step Si 1, a value of the engine rotational speed NE detected by the NE sensor 9, a value of 
the intake pipe absolute pressure detected by the intake pipe absolute pressure PBA detected by the PBA 
sensor 8, and a value of the atmospheric pressure PA detected by the PA sensor are supplied via the ECU 
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5 to the weighting processor 75, to be stored into the memory tv,^ans (RAM) therein. 

Then, at a step SI 2, weighting coefficients EOS. EOF. and EOS are determined by retrieving an EON 
map, an EOF table, and an EOS table, stored in memory means (ROM) of the weighting processor 75, 
according to the detected, value of th^a engine rotational speed, etc. 

5 More specifically, the EON map is set,^ e.g. as shown in Fig, 22. such that predetermined values of the 
weighting coefficient EON for correcting an error detected In respect of noises correspond to predetermined 
values of the engine rotational speed NE and values of the intake pipe negative pressure PB (= PBA - PA), 
shown in the form of a matrix, and a value of the weighting coefficient EON is determined by reading one of 
the map values according to the snglne rotational speed NE and the intake pipe negative pressure PB, and 

10 by interpolation, if required. 

Further, the EOF table is set, e.g. as shown in Fig. 23, such that predetermined values of the weighting 
coefficient EOF for correcting an error detected in respect of vibrations of the floor of the vehicle 
compartment correspond to predetermined values of the engine rotational speed NE, and a value of the 
weighting coefficient EOF is determined by reading one of the map values according to the engine rotational 

IS speed NE. and by interpellation,, ^f cequired. In this connection, if a value of the weighting coefficient EOF 
obtained by interpolation is smalier tl^an 0.2, t:ie value is adjusted to 0. 

Further, the EOS table is se!, h.q. a? shown in Fig. 24. such that predetermined values of the weighting 
coefficient EOS for correcting an € ror detected in respect of vibrations related to steering of the vehicle 
correspond Ic predetermined va^jes of the engine rotational speed NE. and a value of the , weighting 

20 coefficient EOS is determined by reading one of the map values according to the engine rotational speed 
UE, and by interpolation, if re^jireC Ir t^:$ connection, if a value of the weighting coefficient EOS obtained 
by interpKJIation is smaller than 0,2. the- valua is-. adjusted to 0, similarly to the EOF value.. . 

Then, at a step S:3, it is determined whether or not the weighting coefficients EON, EOF, and EOS 
calculated at the stop S12 are eqwabtGDfl.n; niL-^e r j ^ ■ ) : 

25 If the answer tc each* of thefesnio. ..^j^lions concerning the respective evaluating points is affirmative 
(YES), a conresponding FWES flag is set to "1" at a step SI 5. followed by terminating the program. For 
Instance, if the engine rotationah6e?^^-d^>NEva6sumes a value of 500 rpm.rand the Intake pipe negative 
pressure PB assumes a value of ^-TCBc i^:«rfHgj tiie value of the weighting coefficient EON is determined to be 
equal to 0 based^ on the EON mopuc^o^/n in Eig. .22,:and accordingly a FWES flag for .control of noises in 

30 the compartment is set to "1", followed by terminating the program: 

On the other hand,- if the answer to eacb.of these questions concerning the respective evaluating points 
is negative (NO), the program proceeds to a step SI 4, where, it is determined whether or not the weighting 
coefficient EOn (n - N, S, E) is equal to 1.0. For example, in the. above exemplified case, since the 
weighting coefficient EON has already been determined to be equal to 0 at the step Si 3, it is determined at 

35 the step S14 whether- or not the weighting coefficients EOF and EOS are equal to 1 .0, respectively. If the 
answer to this question- is negative.(NO}for any.:-of the evaluating points, a corresponding FWES flag is set 
to *'1 " at the step SI 5; followed by terminating the program, whereas if the answer Is affirmative (YES), the 
corresponding 'FWES flag is set -tO'"0" at avstep S16, followed by terminating the program. For example, in 
the above exemplified case, sinceithe engine rotational speed NE is equal to 500 rpm, EOF = 1.0 and EOS 

40 = 1 .5, so that a FWES'flag for control of vibrations of the compartment floor is set to 0 and a FWES flag for 
control of vibrafc'ons related to steering is set to "1". In short, in this case, no weighting processing is carried 
out on the en-or signal detected on vibrations of the compartment floor to thereby, perform ordinary error 
scanning. 

Fig. 25 shows a program for carrying out the weighting processing. This program is executed in 
45 synchronism with Inputting of the timing pulse signal X to the adaptive control circuits 74i to 743. 

First, at a step S21 , it is determined whether or not the FWES flag for each evaluating point is equal to 
"1". If the answer to this question is negative (NO), the^program is immediately terminated, whereas if the 
answer is affirmative (YES), the program proceeds .to a step S22, where the corresponding one of the error 
signals EN, EF and ES from the error sensors 51 is read and stored in the memory means. Then, at a step 
60 S23, the weighting of the corresponding error signal is carried out to calculate a corrected error signal (El N, 
El F, or El S), followed by terminating the program. 

EIN = EON X EN (7) 

65 E1F = EOFx EF (8) 

E1S = EOSxES (9) 
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Consequently, e.g. in the case where) the engine rotational speed nE is 500 rpm, the intake pipe 
negative pressure PB is -700 mmHg, the EON. EOF, EOS values are calculated from the above-mentioned 
map and tables, and hence E1N.= 0, EIF = EF, ElS 1.5ES. Therefore, as to noises in the 
compartment, no error scanning Is carried out because E1N .= C, while error saanning is carried out on 

5 vibrations of the compartment floor and those related to steering/bastid on the uncorrected error signal EF 
and the con-ected error signal ElS. ] ' \ ^ 

Fig. 26 shows results of the vibration/noise control which ' is- carried out based on the corrected error 
signal obtained by the weighting processing describe above. \ •* 

For example, when the engine rotational speed NE is 2000^ rpnr>. and the intake pipe negative pressure 

70 PB is 0 mmHg, values of the weighting coefficients. EON = 1.5, EOF = 1.3, and EOS = 0.8, are read from 
the map and tables shown in Rgs. 22 to 24. and hence the corrected error signals are set such that E1N = 
1.5N, EIF = 1.3EF, and ElS = 0.8 ES. As is apparent from Fig, 26. the E1N value is increased while the 
ElS value is decreased, whereby the vibration/noise control, which preferentially controls noises within the 
compartment, is carried out. ' - . 

75 Further, for example, when the engine rotational speed NE Is SQC rpm. and tho intake pipe negative 
pressure PB is -500 mmHg. values of the weighting coefficients. EON j= C.2. EOF = 1.0, and EOS =1.5, are 
read from the the map and tables shown in Figs. 22 to 24, and hence the conected enror signals are set 
such that E1N = 0.2EN EIF = 1.0EF, and ElS = 1.5ES. Namely. i^aElS value is set to a large value, 
and hence the vibration/noise control, which preferentially controls vibiations related to steering, can be 

20 carried out. ' • r i - 

According to the vibration/noise control system according to Me frur^h smbodiment, weighting is carried 
out on each of residual errors detected by the error sensors 51.! depending on operating conditions of the 
engine, so that "weight" or importance on a particular kind of residt- ri. ^rror which contributes to renewal of 
the filter coefficient of a W filter is varied according to operatingrc^ ^ilions of the .ergine. This makes it 

25 possible to effectively reduce vibrations and noises in .a man^ .n^-^'r '^.'Hs to the rense of the driver or 
occupants in the vehicle. • \ ^ OiV.p c-.i c ru r- : : f • . 

In addition, although, in the above described fourth amb^drn e 'r '::S8 terror: sensors are employed for 
detecting respective kinds of control errors and weighting : r^,.:.ojt on each -of them, this is not 
limitative, but of course four or more error sensors may be em^../, ir.litr^rcarry out weighting of each of 

30 errors detected thereby in a manner similar to tliat descrit)ed above ' r ^ , 

Fig. 27 schematically shows a vibration/noise control circuit .18 and its related? component parts of the 
vibraticn/hoise control system, according to a fifth embodiment of the invention. In this embodiment, a so- 
called variable sampling method is used in which the sampling frequency Fs is varied depending on 
operating conditions of the engine. More specifically, in this vibration/noise control circuit 18. the rotation- 

35 detecting sensor 19 formed e.g. of a magnetic sensor is arranged in the vicinity of the flywheel rigidly fitted 
on tlie crankshaft 36 shown in Fig. 7. referred to hereinbefore, for counting the number of starter gear teeth 
formed on the peripheral surface of the flywheel 38 in rotation,-. to thereby generate a pulse signal. In other 
words, according to this emt>odiment, the sampling frequency . Fs is determined directly from the pulse 
signal indicative of the rotation of the crankshaft 36 which is obtained by counting the number of starter 

40 gear teeth passing the rotation-detecting sensor 18, while the pulse signal is used as the basic, pulse signal 
A, which is divided by the frequency divider 52 into timing pulse signals X having predetermined frequency 
orders (e.g. first order. 1 .5th order, second order, and third order). The timing pulse signals X are supplied 
to the respective adaptive control circuits 59i to 594 within the DSP 55, similarly to the first embodiment 
described hereinbefore, which control circuits output control signals X' at time intervals corresponding to 

45 time inten/als which the timing pulse signals X are supplied thereto, respectively, to thereby perform the 
desired adaptive control. In the present embodiment, the sampling frequency Fs is variable according to the 
time interval between adjacent pulses of the basic pulse signal A, so that it is not necessary to adapt the 
numbers of taps (tap length) of the W filters 60i to 6O4 to the respective time inten/als of adjacent pulses of 
the timing pulse signals X in following up the operating condition of the engine, 

50 In the vibration/noise control circuit 18 of this embodiment, since the sampling frequency Fs is varied 
according to the time interval between adjacent pulses of the timing pulse signals X in a manner following 
up them, there is a fear that a reference signal R cannot be obtained in response to a change In the 
sampling frequency Fs if the filter coefficient CA stored in the C filter representing the transfer function of 
the signal-transmitting path or the vibration-transmitting path is set to a fixed value according to a system to 

55 which the present vibration/noise control system is applied. 

Therefore, in the present embodiment, a plurality of filter coefficients C (Fn)(n = 1,2 m) are stored 

in advance in the C filter 62, and a plurality of frequency band regions Fn (n = 1,2. 3,.., m) are provided 
for selection according to the engine rotational speed Ne. And a desired filter coefficient CA (Fn) is selected 
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depending on which region the engine rotational speed NE^detected belongs to. whereby a desired 
reference signal R can be obtained.eyeri if the sampling frequency Fs changes. 

Fig. 28 shows a program for selecting a filter coefficient to be used in the C filter, which is carried out 
within the DSP 55 .in synchronism^.with generation of pulses of the timing pulse signals X. 

5 First, immediately after, the start of, the engine 1, the vibration-transmitting characteristic, i.e. the transfer 
function, of a.system to which the present vibration/noise control system is applied is not known at all, and 
hence the variable n indicative of a selected filter coefficient is set to "1" at a step S31, and. pulses having 
an optional sampling frequency Fs tare inputted at a step S32. Then, the number E of driving clock pulses 
having a frequency Fc of e.g. 10MHz .for driving the ECU 5. which occur between adjacent pulses of the 

10 input optional sampling frequency Fs is measured by a counter, not shown, at a step 833. 

Then, at a step S34, the sampling frequency Fs is calculated based on the following equation (10): 

Fs = FC/E (10) . . . .0 -'J :: 

16 Then, at a step S35, it is deterniMned whether or not the input sampling frequency Fs is smaller than the 
selected frequency region Fn (in rthe, present case, n = 1). The selected frequency region F1 is suitable for 
control to be carried out when the engine rotational speed NE is very low, and accordingly, the answer to 
the question of the step S35 is negative (NO), so that the variable n indicative of the selected frequency 
region and hence the selected filter coefficient is increased by an increnrient of 1 at a step S36, followed by 

20 the program returning to the step S35, where it is determined whether or not the sampling frequency Fs is 
smaller than the new i selectedufr)^4iiency- region F2. This process is , repeatedly carried out until the 
sampling frequency Fs becomes smaller than the selected frequency region Fn, and if the answer to the 
question of the s^tep S35.^s^:afj[i^rnati^^<>^ES).il is judged that the selected frequency region Fn at this time 
is most close:: to the rsampling:,fr?>^^ri3y ;Fs.^, and/ 1^^^ program proceeds to a step S37, where a filter 

25 coefficient C A, I correspoiading t^ i^y^i^cted frequency region, Fn is selected, followed by terminating the 
program. . . 

In this manner, imnr^ediate^ye^ft^^ '^e c9tiafJ:^of the engine, it is possible to obtain the optimum filter 
coefficient of the Cfiltec by compaivjr )?i^^ampling frequency Fs with low selected frequency regions. 
^ . Further, after; thei ^ engine criH^t^i^lI^speed.: HE has reached a considerably large value, the filter 

30 coefficient CA (Fn) of.vthe C^fiite^jiSnSielQCted according to a program shown in Fig. 29. which will now be 
described below. ) u-'li!' ::r '..w.,jf. » . ^ 

After n ;= p is established, i.e. after; Fn is set to a medium frequency value Fp in a ran^e of F1 to Fn at 
a step S41, !the :sampling; frequency Fst Js inputted at a step S42. similarly jto the program shown in Fig. 28. 
Then, pulses having the the- sampling frequency Fs are inputted at a step S42. and then the number E of 

35 driving clock pulses (hayir^g thjs driving frequency Fc), which occur t^etween adjacent pulses of the input 
unknown sampling frequency Fs. is couQtedJ^y.a^counter, not shown, at a step,S43, whereby the sampling 
frequency Fs is calculated by the use of the, equation (10) at a step S44. Then, it is determined at a step 
S45 whether or {not the (input sampling frequency Fs is smaller than the selected frequency region Fn (in the 
present case, Fp). If the answer ..to this question is affirmative (YES), the program proceeds to a step S46 

40 where it is determined, whether or not the variable n is equal to p. In th/e present case, the answer is 
affimnative (YES), and hence the program proceeds to a step S47. where it is determined whether or not the 
sampling frequency Fs is smaller than a frequency region Fn-1 which is lower by one band region than the 
currently selected frequency region, Fp. Namely, when botfr the answers to the questions of the steps S45 
and,S46 are affirmative (YES), it means that the engine is decelerating, and therefore it is determined 

45 whether or not the sampling frequency Fs is smaller than the frequency region Fn-1 which is lower by one 
band region than the currently selected frequency Fp. If the answer to the question of the step 847 is 
affirmative (YES), the filter coefficient CA (Fn) corresponding, to the curreritly selected frequency Fn is 
selected at a step-S48, followed by terminating the program. , : ; 

Further, if the answer to the question of the step S47 is- negative .(NQ), the variable n is decreased by a 

50 decrement of 1 at a step S49, and then at the step S47rarComparison is made between the sampling 
frequency Fs and a frequency region Fn-1 which is still lower by one band than the preceding one. If the 
answer to the question of the step S47 is affirmative (YES), the filter coefficient Ca (Fn) corresponding to 
the currently selected frequency region Fn is selected at the step S48, followed by terminating the program. 
Further, if the answer to the question, of the step S45 is. negative (NO), the variable n Is increased by an 

55 increment of 1 at a step S50 until the answer to the question of the step S45 becomes^ affirmative (YES) If 
the answer to the question of the step S45 is affirmative; (YES), the program- proceeds to the step S46, but 
in the present case, the answer to the question of this step is negative; . (NO), and then the program 
immediately proceeds to the step 848, where the filter coefficient CA (Fn) corresponding to the currently 
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selected frequehcy region Fn is selected, followed by terminating the- program. - • • 

In the above described embodiment, the filter coefficient of this C filter Is finally determined by selecting 

the optimum coefficient matching the engine rotational speed NE from a plurality of filter coefficients stored 

in advance in the C filler 62. However, this is not limitative, but theMi Iter coefficient CA of the C filter 62 
5 corresponding to the transfer function of the vibration-transmitting path may be determined by dividing a 

signal of a high frequency which Is a proper number of limes, e.g. tens of times as high as a frequency 

corresponding to the upper limit rotational speed of the engine (eiQ:' 6000 rpm)/ • 

More specifically, a high-frequency filter Cr having a high drdefi' tiransfer characteristic determined by a 

high sampling frequency Fr (e.g. severai KHz) Is stored in advance inUhe C filter 62. The high frequency 
10 filter has a number (M) of taps, and during a sampling Interval (1/Fr) of the high-frequency filter Cr occur a 

number (L) of driving pulses having a driving frequency (e.g: 10 MHz) on which the ECU 5 operates. The 

number L is counted by a counter. 

On the other hand, in the case of a filter Cs to be determined by a predetermined sampling frequency 

Fs (e.g. several hundreds Hz), if a number (S) (S > L) of driving pulses of the ECU 5 occur during a 
IS sampling interval (VFs) of the filter Cs, the number K of taps of the filter is calculated by the use of the 

following equation (11) (The number S is known, since the filter coefficient of the filter Cs has been 

determined by the predetermined sampling frequency Fs): ' - .-v. . < • . 

K = (M X (LyS)]inl (11) * ' - ^ . ' 

where int represents an Integer obtained by omitting fractions; and ;t)i'-1?istar^Ge; if M x (U) = 4.63, then [M 
X (L/S)]lnt = 4; * ^ . > n/j^ .sa.c . . 

In the present variation, as shown in Fig. 30b and Fig; 30c; -as ifr^i^ (j) ofthe filler 

Cs. the most close filter coefficients CrA (m) closely loealod oh tho ?^p iurid of the vHter coefficients CsA 
25 are selected as indicated by the arrows in the figures, io -ciiw-tarne the -iransfei' function of the 
vibration/noise-transmitting path. 

Fig. 31 shows a program for calculating a filter cceffic^er^^Gs/^i r,:H^^^ '' 
First, at a step S61, a number Q of the driving pulses bCGurrij.^c ^ -. .!ng a sampling interval of the filter 
Cs and the number L of the driving pulses occunring during a £amv>jur.g ...ierval of the high-frequency filter 
30 Cr are both set to "0". Then, at a step S62, the first filter cosfficierit CdA^' (01 of the filter Cs-is determined by 
making it equal to the first filter coefficient CrA (0) of the high-frequency filter Cr. 

Then, at a step S63. the number Q of the driving pulses occuning^for the filter Cs is increased by an 
increment of i , and the number L of the drivrng pulses for the high 'frequency filter Cr is set to L Then, it is 
determined at a step S64 whether the number S of the driving pulses occurring during a sampling interval 
35 (1/Fs) of the filter Cs is smaller than the number L of the driving pulses occurring^during a sampling inlen/al 
(1/Fr) of the high-frequency filter Cr. If the answer is negative (NO), the program returns to the step S63. 
whereas if the answer is affinrnative (YES), the filter coefficient CsA (1) is set equal to the filter coefficient 
CrA (1) at a step S65. and then it Is determined at a step S66 whether or not the aforementioned equation 
(11) is satisfied. If the answer to this question is affirmative (YES), the program is immediately tenmlnated, 
40 while if the answer is negative (NO), the program proceeds to a step S67, where the tap position of the filter 
Cs is increased by an increment of 1, while the number L of the driving clock pulses occurring for the high- 
frequency filter Cr is set to 2L. Then, it is determined at a step S68 whether or not tlie number 2S of the 
driving pulses occuning during a sampling interval (1/2Fs) is smaller than the number 2L 

Then. If the answer to this question is negative (NO), the program returns to the step S67. whereas if 
45 the answer is affirmative (YES), it is set at a step S69 such that CsA (2) = CrA (2) to thereby determine the 
second filter coefficient CsA (2). Then, it is again determined whether or not the equation (11) holds. If the 
answer to this question is affirmative (YES), the program Is immediately terminated, whereas if the answer is 
negative (NO), the program proceeds to a next step, hot shown. Thereafter, calculations are made of CsA - 
(3), CsA (4). ...until the above equation (11) is satisfied. When the equation (11) becomes satisfied, all the 
50 filter coefficients CsA (m) have been determined, and when the equation (11) is not found to hold, the 
present program Is terminated. 

In this manner, by thinning out the filter Cr determined by the high-frequency sampling frequency Fr. 
the optimum filter coefficient of the C filter can be determined. 

This makes it possible to correct the transfer characteristic of a control signal even if the sampling 
55 frequency is varied, achieving high-accuracy adaptive control, and avoiding problems caused by varied 
sampling frequencies when attempting to achieve a desired reduction in vibrations and noises. 

Thus, according to the fifth embodiment, even if the frequency of the basic pulse signal A is varied, the 
sampling frequency is varied correspondingly, and a signal formed from the same number of taps is always 
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generated. Therefore, the follow-up speed of the adaptive oontEOl is high and hence it is possible to perform 
high-accuracy adaptive control. , - o5=s!- r. 

Further, in the fifth embodiment described above, the sampling frequency Fs is detected from the pulse 
signal indicative of the rotation of the crankshaft 36 formed by counting the number of starter gear teeth 

5 formed on the peripheral surface of thie flywheel 38 during rotation. However, the means for determining the 
sampling frequency suitable for operating conditions off the engine is not limited to this, but signals 
generated by the camshaft sensor t1- or Ihe CRK senor and representing the rotational speed thereof may 
be used, instead. However, in the case where -the ECU 5 fonms the basic pulse signal from output from the 
camshaft sensor 11, there may occur a variation, slight as it is, in the rotation of the camshaft due to 

w elongation of the timing belt 35 cdnrtectirig isetween the pulley 35 for the camshaft and the pulley 37 for the 
crankshaft (see Fig. 7); etc. Furthfer. in^the'case of forming the basic pulse signal from output from the CRK 
sensor; there may also occur a variation in the rotation thereof due to torsional vibrations of the crankshaft 
36. In contrast to these cases,MhGr flywheel 38 has a large inertia moment and is almost free of fluctuation in 
rotation; 'whidh makes it possible to' dete^ine a desired sampling sampling frequency in a much more 

IS simple and accurate manner. M6reo\>er,. a basic pulse signal formed by output from the camshaft sensor 11 
or the CRK sensor has a longer pulsef Interval than that formed from the rotation of the flywheel, and 
therefore; in order to ^properly foll6w' tip changing operating conditions of the engine, the basic pulse signal 
has to be multiplied by a multiplying circuit. As the multiplying ratio of the multiplying circuit is larger, there 
may result a larger e^rbr in deterni»nm^ a desired sampling frequency due to fluctuation in the rotation. 

20 Further, as' the methbtTof-deliEfdlk^'thd^^ pulse signaf A from output from the camshaft sensor 11 or 
the CRK sensor, and nriultlplyifig tf^isi^grial A into a signal having a sampling frequency Fs, the folbv/ing 
metliods ar^ known:' -^ ^ rto i) er;^ o : : f 

(1) Method of -muttf^lylhg' Ihe'tf *ifc^ factor of K, by the use of a known logical 

multiplying drcuitf »> •'•^^ r-i oquo ^i \^ a: i; v r ^ ^ 

25 (2) Method of multiplyifi'g th6i^*#0 (Bfi^se'^siignar by a factor of K, by* counting a number PECU of clock 
pulses 'tienerafed'%)y the ECO 3>^{o f. at tO'MHz) durrng lEi time interval between adjacent pulses of the 
basic pulse* signal.^Bnd alt^rnkefV iflf&tting "0" level and "1 level at a repetition^ period of PECU/4K: 
(3) Analog method of dividFhQ^ .J ^siC' pulse signal into a frequency half as high as. the former, 
Integrating the divided sfgrtaft' fofmSib irito a sinusoidal wavei signal, multiplying the frequency of the 

30 sinusoidal wave signal by a factor of K, and then forming it into a square wave signal. 

Further, in the fifth embodririiertl. SiWiil^ly to fixed sampling method described above particularly in the 
first emtx>dime'nt,% co'mpoifient havirig -a paiticular frequency order related to combustion in the cylinders is 
separated* from other compionents having different frequency orders to thereby separately perform adaptive 
control to the component. Furtheir,^ the method of^orming the pseudo-period train (C-) shown in Fig. 13 to 

35 Fig. 16 may be^also employed' - • • ' ( • ' • ^ ^ ' ' 

Rg. 32 schematically shows a vibratioh/noise control circuit 18 and its related component parts of the 
vibration/noise control syfeterVi; according fd b * sixth embodiment of the invention. In this embodiment, 
similarly to the fifth i^nribddiment the 'variable sampling method is employed, and at same time it is 
cortstructed such that even if the "timing piilse signal X is changed suddenly within a very short time period, 

40 the vibration/noise control system can perform adaptive control in a well follow-up manner. 

More specifically, the DSP 83 is comprised of an adaptive control processor 84, and a controller 85 
responsive to a signal supplied from the rotation-detecting sensor 19 for controlling the adaptive control 
processor 84 depending on operating conditions of the engine. Further, the adaptive control processor 84 
has four adaptive control circuits 86i to 864 enabling adaptive control to be separately performed on 

45 components of vibrations and noises having different frequency orders described hereinabove. The adaptive 
control circuits 861 to 864 have the W filters 6O1 to 6O4, described hereinabove. LMS processors 6I1 to 6I4. 
C filters 62i to 624, and additionally gain filters 87i to 874 (hereinafter referred to as "the G filter") as an 
ADF having one tap, for correcting rates of change in the control signals X' outputted from the W filters 6O1 
to 6O4, and G-LMS processors 881 to 884 for renewing the filter coefficients of the G filters 87i to 874. 

50 In the vibration/noise control system constructed as above, the timing pulse signals X formed by the 
frequency divider 52 are sampled by a sampling frequency Fs determined according to the rotational speed 
of the engine by the use of the signal indicative of rotation of the flywheel 38. and supplied to the respective 
adaptive control circuits 861 to 864. Then, control signals X" (digital signals) generated by the adaptive 
control circuits 861 to 864 are each converted into an analog signal by the D/A converter 56. and the 

55 resulting analog signal is amplified by the amplifier 57, and then supplied to the electromechanical 
transducer means 58. The resulting controlled vibrations and noises are detected and supplied as a driving 
signal Y to the error sensor 51 . ■ 
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On the other hand, the error sensor 51 lis supplied with a vibration/noise signal D fronr) the engine .1 , and 
the error sensor 51 generates an error signal c indicative of the difference between the vibration/noise signal 
D and the driving signal Y. which in turn is supplied to a changeover switch 89. 

When the changeover switch 89 makes connection between ajcomrnon contact c thereof and a contact 

5 a thereof in response to an instruction signal from the controller 85,; the error signall is supplied to the G- 
LMS processors 88i to 88* in feedback manner, whereas when the changeover switch , 89 makes 
connection between the common contact c and a contact .b in response to the instruction signal from the 
controller 85. the error signal e is supplied via a compensating- circuit. 90 and an A/D converter 63 to the 
LMS processors 61 1 to 61 4 in feedback manner. i :; . ^ . 

10 Rg. 33 shows the internal arrangement of one of the adaptive control circuits 86. 

The timing pulse signals X. obtained by dividing output from the rotation-detecting, circuit 52 into signals 
having predetermined frequency orders and supplied from the ECU 5, are supplied to the W filter 60 and 
the C filter 62 at a sampling frequency Fs (at a sampling interval . t, (=,1/Fs) determined depending on 
operating conditions of the engine. The W filter 60 generates a control signal X' having a predetermined 

15 transfer characteristic corresponding to the time mXerval of adjacent pulses of the timing pulse signal X. - 

Then, the control signal X' is supplied to the G filter 87, from which,:a control signal X" is outputted, and 
the control signal X" Is transmitted through the vibratlori/nolse-transmitting path, detected and supplied as 
the driving signal Y to the error sensor 51 . . ^ > !;::^ s: ■ . ; 

The error sensor 51 generates an error signal c indicative of the difference between the driving signal Y 

20 and the vil)ration/noise signal D, which is supplied to the changeoverrr'^^iteh .SSi Then. when a connection is 
made between the contact c and the contact a in the .changeover s- viteh 89 in response to the instruction 
signal from the controller 85» the en'or signal Tis supplied to the G-Lf^S processor 88 in feedback manner 
to renew the filter coefficient of the G filter 87. That is, in this cass.^rr -r.wahof th^ filter coefficient of the W 
filter by the LMS processor 61 is interrupted, and the G filter 87 is si?pplied with a signa' having a fixed 

25 vibration/noise transfer characteristic. The G filter 87 performs: g >{ q:?' :::t;on on thi;?- signal. On the other 
hand, when a connection Is made between the common, contact qtHr : ': the contact b. the error signal is 
supplied via the compensating circuit 90 and A/D converter i 63^3: .. ' 7^ processor .61 ia feedback 
manner, whereby renewal of the filter coefficient of them AV.fi Iter /5€ 1*. r /ried put based on the error signal 
from the error sensor 51. the reference signal R from the G filter C^.a^rJ ttie eunrcnt filter coefficient of the 

30 W filter 60. ; f r - c - i^-^:^: ^ v 

More specifically, when a connection is made between the comnriorbcontact c and the contact a in the 
changeover switch 89, the error signal € is supplied to a third multiplier 91. On the other hand, the third, 
multiplier 91 is supplied from parameter control means 92 with a step size parameter u' for controlling the 
magnitude of a renewed correction amount of the filter coefficient of- thetG filter 87. 

35 Then, the third multiplier 91 performs convolution of the error signal € and the step size parameter u* to 
form an output signal U*. which is converted into a negative^ valuO; and then supplied to a second adder 93. 
The second adder 93 adds together the output signal U' and the output signal from the G filter 87, and the 
resulting signal is supplied to a delay circuit 94, and then to the. G filter 87. in feedback manner to renew the 
filter coefficient of the G filter 87. When the G filter 87 is in this filter coefficient-renewing mode, the renewal 

40 of the filter coefficient of the W filter 60 Is not carried out. as described above., but the signal haying the 
fixed vibration/noise transfer characteristic is supplied to the G filter 87. 

On the other hand, if a connection is made between the common contact c and the contact b. the filter 
coefficient of the G filter 87 is set to a fixed value (e.g. 1.0) and at the same time renewal of the filter 
coefficient of the G filter 87 is interrupted. Then, the error signal < is supplied to the compensating circuit 90 

45 to compensate for changes in amplitude and gain of the control signal X* due to the G filter, and then to the 
A/D converter 63, where the analog error signal Is converted into a digital signal. The digital error signal € is 
supplied to the first multiplier 64, which is. on the other hand, supplied with the step size parameter u from 
the parameter control means 65. . ; - 

The first multiplier 63 multiplies the error signal € by the step-size parameter u to form the output signal 

50 U, and the resulting product is supplied to the second multiplier 66. The second multiplier 66 is also 
supplied with the reference signal R via the register 67 from the C filter 62. 

The second multiplier 66 multiplies the reference signal R by the output signal U and the resulting 
product Is converted into a negative value to form the output signal V, which Is then supplied to the first 
adder 68. : . 

S5 Output from the first adder 68 is supplied to the delay circuit 69, and then to the W filter 60 in feedback 
manner to renew the filter coefficient of the W filter 60. 

In this manner, the correction in gain by the G filter 87 is carried out only on a particular occasion, e.g. 
when a marked change has occurred in the period of vibrations and noises to be controlled, due to a drastic 
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change in the engine rotational speed NE. even while the eontrd signal X' is being outputted in response to 
inputting of the latest timing pulse signal X, to thereby avoid the problem of a delay in follow-up or response 
to changes in the system to which the vibration/control system is applied. 

Fig. 34 shows a jDrogram for determining whether the filler coefficient of the W filter 60 is to be renewed 

5 or the filter coefficient of the G filter 87 is to be renewed, which is executed in synchronism with generation 
of the basic pulse signal A by the contrbller 85. 

First, at a step S81, the gear, shift. position of the automotive vehicle is read in and it is determined 
whether the read gear shift position : is ^Taci neutral range or in a parking range. If the answer to this question 
is negative (NO), the program proceeds to a step S86, whereas if the answer to this question is affirmative 

10 (YES), the intake pipe absolute pressure PBA detected by the PBA sensor 8. the throttle valve opening 
detected by the OTH sensior 4; and thovengine rotational speed NE detected by the TDC sensor 9 are read 
at a step S82. Then, a PBATAP table and a dTHTAP table are retrieved at a step 883 to obtain a lower limit 
value PBATAP of the intake pipe absolute , pressure . PBA and a lower limit value dTHTAP of the throttle 
valve opening $TH for determiningiiwhetherctbe vibration/noise control circuit is to be set to the G 87 filter 

15 coefficient-renewing mode in which the filter coefficient of the G filter 87 is renewed. 

The ^THTAP table is set* as shown in Fig; 35, such that predetermined values 0THTAPO to 0THTAP3 of 
dTHTAP are provided correspondirigly- to predetermined values NEO to NE4 of the engine rotational speed 
NE, and a value of the lower limitj^throttle' valve opening e THTAP is detemnlned by reading from the 
0THTAP table, and by interpolation jif-'required. 

20 The PBATAP table' Is set;Ote 5fr*4»ru!i^ 36. such that predetermined values PBATAPO to PBATAP3 
of PBATAP are provided 'correspomf'f^gly' to* predetermined values NEO to NE4 of the engine rotational 
speed NE. and a value of the lower W'.. Mhrottle valve opening PBATAP is determined by reading from the 
PBATAP table, and by interpolation, if i quired. 

Then, at a step S84^itt'1s detl^rrj^ntel whether or^ not the throttle valve opening eJH is larger than the 

25 6 THTAP Al^alue obtain^^af fhe srep^(&^^ ' . t :^ 

' If the answer to this question .matfve^l[YES)v-it is judged that the accelerator pedal is stepped on 
by a large amourit to ''largely mt^' .^^th6 ahrbttle '^valve opening eJH and accordingly the operating 
condition of the engine has sad^ei«t^ jan(ged;:iSO'that a flag FTAP indicative of a selected operative mode 
of the vibration/nbisd control:^6yd«ei:>^ 9dtno "1" at a step S90» thus, setting the vibration/noise control 

30 circuit to the G 87 filter coefficient-renewing mode, followed by terminating the program. 

On the other hand, if th^ answer tor the question of thie step S84 is affirmative (YES), it is detemained at 
a step *S85 whether or not the^'intake- pipe absolute pressure PBA is larger than the tower limit value 
PBATAP; If the answer to this question is' affirmative (YES), it is determined that the operating condition of 
the engine has drastically changed, and hence- similarly to the above, the mode indicative flag FTAP is set 

35 to "1 " at the step 890.' followed by terminating the program. 

Further, if the answer-to' the question' of 'the step S81 is negative (NO) or if both the answers to the 
questions of the steps 884 and S85 are negative (NO), a time iriterval eCRK (sampling interval r ) between 
adjacent sampling pulsed having the sampling frequency Fs is calculated at a step S86, and then at at a 
step S87 the absolute valufe A dCRK of the difference between the immediately preceding value dCRK(n-l) 

40 and the present value 0CRK(n) of the time interval flCRK. At the following step S88. it is detennined whether 
or not' the absolute value A' eCRK is larger than a predetermined limit value A eCRKTAP. If the answer to 
this question is affirmative (YES); the mode indicative flag FTAP is set to "1" at the step S90. while if the 
answer is hegative (NO)t the mode indicative flag FTAP is set to "0" at a step S98, foltowed by terminating 
the program. • < : • 

45 Thus, according to the sixth embodiment described above; it is possible to reduce the vibrations and 
noises to a satisfactory degree by correcting the control signal X' by means of the G filter 87. even when it 
is impossible* foi' ordinary adaptive control to follow up a change in the system due to a sudden change in 
the vibration/noise transfer characteristic caused e.g. by a sudden change in the operating condition of the 
engine, merely by varying the sampling frequency! ; ' " - ^ 

50 Further, the G filter 87 is formed by an ADF, and the number of taps thereof is set to "1 ". it is possible 
to quickly carry out correction of the vibration/noise fransfer characteristic even when the engine Is in a 
transient operating condition. . : • ^ / 

Fig. 37 schematically shows a vibi'ation/noise control circuit 18 and its related component parts of the 
vibration/noise control system, according to a seventh embodiment of the invention. As shown in the figure, 

55 a DSP 95 is used, which is comprised of r-andom signal-generating means 96- for generating a random 
signal L which is low in amplitude (e.g. lower than 20 dB in terms of noise level), a band-pass filter 97 for 
removing a predetermined frequency band^ comF)orient froim the random signal L from the random signal- 
generating means 96 to output a random reference signal L\ and an adaptive control processor 98 which is 
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supplied with the timing pulse signal X .nd the random reference signal U to perform predetermined 
adaptive control:' 5- > . . 

More specifically, the rotation-detecting sensor 19 counts... the number of starter gear teeth on the 
flywheel 38 having passed it to generate the basic pulse signal 'Aiwwhich- is then supplied to the frequency 

5 divider 52, « • • • - 

On the other hand, a pulse signal having a sampling frequency* Fs variable with rotation of the flywheel, 
i.e. the engine rotational speed NE is directly formed from the basic pulse signal A. and then supplied to the 
DSP 95 to govern sequential operations executed within the DSP: • 95. Further- a control signal X' is 
generated by the DSP 95 and supplied via the D/A converter 56 and the amplifier 57 to the electromechan- 

10 ical transducer means 58, and the resulting controlled vibrations and noises are. transmitted through, the 
chassis 44 of the vehicle, etc. and detected and supplied as a driving signal Y to the error sensor 51. On 
the other hand, a vibration/noise signal D from , the engine 1 is supplied to the error sensor 51. The error 
sensor 51 generates an error signal «. which is supplied via the A/D converter 63 to the DSP 95 in a 
feedback manner. The DSP performs the predetermined adaptive, control, to reduce vibrations and noises 

76 occurring in the vehicle. ^ . • : 

The adaptive control processor 98 is comprised of four adaptive control circuits 99i to 994 to. perform 
adaptive control on respective components of the vibratlons*and noises .having different frequency orders in 
a separate manner, similarly to the previous embodiments. The adaptive co.ntrol circuits 99i to 994 are 
comprised of W filters 60i to 6O4 for generating control signals X\ and LMS pracessors 6I1 to 6I4 . Further, 

20 instead of the C filters used in the previous embodiments. -the adr7ti\*3 control circuits 99i, to 99a also 
include conrectidn filters IOO1 to IOO4 as means for correcting clir^—.r. in phase of the control signals X* 
from the W filters 6O1 to 6O4 due to the presence of electrorneclria Wi : 1 transducer means 58, etc. arranged 
in the vIbration/noise-transmitting paths. ; :.v.-..r\^ 5 

As shown in Fig. 38, the correction filter 100 is forn^.ed. e.g.r . ' ri? i:.:: component-eliminating means 

25 101 which generates a first residual component signal ri free of pTJ 'iCf: components based on the timing 
pulse signal X and the error signal € from the A.'D converter 63,' .; t ' r .eharacteristic-determining means 
102 for determining a transfer characteristic corresponding tcj : 'Ir :::^::'3r function of the vibration/noise- 
transmitting path, i.e. the path through which the control .signaL.f: :^^:; .rr^ilted, while being transformed into 
mechanical vibrations, and a register 103 for storing the: transfer cU , qt^ristic determined by the. transfer 

30 characteristic-determining means 102. ^ : - \ v. -ir: • : ■ ' 

The periodic component-eliminating means lOt is formed.: e.g. of aa.echo-cariceling filter (EF) 104 
(hereinafter refenred to as "the E^filter-) formed by an ADF, which is supplied with the timing pulse signal X 
to generate a canceling signal p which is inverse In phase relative to the waveform of a component of the 
vibrations and noises determined by the time interval between adjacent pulses of the timing pulse signal X, 

35 an adder 105 which is supplied with the canceling signal p and the en'or signal t frpm the A/D converter 63 
for generating the first residual component signal ij. and an S-j-MS (Synchronized-LMS) processor 106 for 
performing computation for renewing the filter coefficient of, the E filter 104. The filter coefficient of the E 
filter 104 is renewed based on the timing pulses signal X.. the first residual component signal and the 
cun-ent filter coefficient of the E filter 104, to thereby determine the canceling sigrial p. : - . • 

40 Further, the transfer characteristic-determining means 102 is formed of a transfer characteristic- 
determining filter (C filter) 107 which is supplied with the random reference signal L' from the band-pass 
filter 97. an adder 108 which is supplied with an output signal t (converted into a negative value) from the C 
filter 107 and the first residual component signal ij for generating a second residual component signal 
and a C-LMS processor 109 for performing computation for renewing the filter coefficient of the C filter 107. 

45 The filter coefficient of the C filter 107 is renewed based on the random reference signal L'. the second 
residual component signal 4> and the current filter coefficient of the C filter 107 to thereby set the. filter 
coefficient of the C filter 107 to one which is identical to the transfer characteristic corresponding to the 
transfer function of the vibration/noise-transmitting path- 
Further, a first ring buffer 110 and a second ring buffer 111. each formed of an annular train of a 

50 plurality of storages formed according to the number of. taps (tap length) of the W filter 60. are interposed 
between the band-pass filter 97 and the C filter 107. and between the adder 105 and the adder 108. 
respectively. The first and second ring buffers 110 and 111 are provided for making the number of taps <tap 
length) of the filter coefficient of the C filter 107 corresponding to the number of taps (tap length) of the W 
filter 60. to thereby form a pseudo-period train. 

55 More specifically, as shown in Fig. 39a. the ring buffers 110 and 111 are each formed of a 

predetermined number m of storages n(1), n(2) n(m) corresponding in number to the number of taps 

(tap length) of the W filt¥r 60. The ring buffers 110 and 111 are supplied with the random reference signal 
V and the first residual component signal ij. which are illustrated by way of example in Fig. 39c, and the 



27 



EP 0 560 364 A1 



input signals L\iy are sequentially stored Into the storages n(1). n(2), n(3), ....n(m) in the order mentioned, at 
predetermined sampling Intervals. A (m .rt-1)th input data of the signal L'.iy and subsequent Input data are 
again sequentially stored into the storages* n(l), n(2), ...n(m) in the order mentioned to be added to the 
respective previously stored values,oand.>thls 'process is repeated. In this way, a pseudo-period train of the 

5 signal L'.iy is formed,- which has. theinumber :m of taps corresponding to the number of taps (tap length) of 
the W filter: . ' ;jr:.-j-;, ^.-r,. -oik--: C..-. 

According to the vibration/noise control system for automotive vehicles thus constructed, the basic 
pulse signal A detected by the rotation-detecting sensor 19 is supplied to the frequency divider 52 at the 
sampling interval Fs. where the;^signal.*A is divided into the timing pulse signal X having a frequency order 

10 corresponding to a particular component of the vibrations and noises to be controlled. The timing pulse 
signal X is supplied to the W'filter60 and the E filter 104. the S-LMS processor 106, and further the register 
103, and based upon the input signal X, the W filter 60 generates the control signal X*. 

On the other hand, the random signal L generated by the random signal-generating means 96, which is 
low in amplitude, is supplied to the band-pass filter 97, which eliminates frequency components of the input 

15 signal falling outside a predetermined frequency range into the random reference signal L'. The random 
reference signal L* is supplied via the ^second ring buffer 111 to the C filter 107 and the C-LMS processor 
109, and at the sameMimelhetrandomirefererKje signal L is superposed on the control signal X' from the W 
filter 60 to form an output signaltVj^Avhich in turn is supplied via the D/A converter 56 and the amplifier 57 to 
the electromechanical transducer means 58. The resulting controlled vibrations and noises are transmitted 

20 through the chassis 44; etc. of cthe ^/ahiclQ'^nd> detected and supplied as the driving signal Y to the error 

sensor 51". • = ^ f-O^r p. :yH^^ jer,0' r.: .. 

The errorc sensor 51 iSvtoW'the:'othep hand,tSupplied with the vibration/noise signal D directly transmitted 
from the engine 1. and generates the error signal ( indicative of the difference between the driving signal Y 
and the vibration/noise signal D.(%t-.»Jr^i^^y.j'xplred via the A/D converter 63 to the LMS processor 61 and 
25 the adder 105 of th^xs:orrectingfi.(t>?rp\ • 

Further, the adder 105 is supptie; * vh the canceling signal p from the E filter 104. and the adder 105 
generates'^he firsts Veskiual compav . i^tjriah^»o which is supplied via the second ring buffer 111 to the 
adder lOS.'On the other hand, th9 suid^MOS^s supplied with the output signal t from the C filter .107.: As a 
result, the adder 108 generates the second residual component signal The filter coefficient of the C filter 

30 107 is renewed based Giin the secohd-resrdual eompor^nt signal the random reference signal L' and the 
current filter coefficient of the G -filter 107.4o thereby determine the transfer characteristic corresponding to 
the transfer function of the vibration/noise-transmitting path, and the determined transfer characteristic is 
stored into the register 103;>^ j«' -V ' : i v . i. > ; t . 

The register 103 supplies: the reference signal R indicative of the transfer characteristic corresponding 

35 to the transfer function of the vibration/noise-transmitting path to the LMS' processor 61, where the filter 
coefficient of the W filter 60 is renewed based on the reference signal R, the timing pulse signal X. the error 
signal € and* the cun^ertt filter- coefficient of the W filter 60, and the control signal X' is formed by the 
renewed correction coefficient of ithe W filter 60 to thereby control vibrations and noises from the engine 1. 
According to the present embodiment, the transfer characteristic, i.e. the transfer function of the 

40 vibration/noise-transmftting path is determined based on the timing pulse signal X'. the random reference 
signal L*. and the error signal e . while at the same time the vibration/noise control is carried out. Therefore, 
it is unnecessary to accurately determine in advance the transfer characteristic or transfer function, or to 
provide the synchronizing circuits 54i to 544 shown in Fig. 9, etc. of the first embodiment. Further, 
complicated computation required in the previous embodiments to cope with variations in the sampling 

45 frequency, etc. is not required, and the vibration/noise control system can easily and quickly adapt itself to 
aging changes in characteristics of a system to which the present system is applied, such as a change in 
the ambient temperature. Further, since the transfer characteristic of the vibration/noise-transmitting path is 
determined while the vibration/noise control is carried out. as described above, it is possible to adapt the 
system to the specification and optional equipment of the vehicle, and further to the driving manner by the 

50 driver. Still further, the periodic component-eliminating means 101 eliminates periodic signal components (or 
pseudo-periodic signal components), which are large In amplitude, depending on operating conditions of the 
engine, so that the first residual component signal i} having an excellent S/N ratio Is supplied to the transfer 
characteristic-determining means 102 to thereby form the reference signal R which is very accurately 
determined. 

65 F»..- '^er. according to the seventh embodiment described above, the first and second ring buffers 110 
and ^orm pseudo-period trains of the random reference signal L* and the first residual component signal 
71 coi.'- spending to the number of taps of the W filter 60, which makes it possible to omit complicated 
computing steps and hence reduce the computing bad on the system, as well as to enhance the follow-up 
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capability of the adaptive control. 

Further, although in the seventh embodiment as well, the signal Indicative of rotation of the flywheel is 
detected by the rotation-detecting sensor formed e.g.. by a magnetic sensor, this Is not limitative, but a 
rotary encoder may be provided in the vicinity of the camshafts or;» the. cranlishaft, instead of . the rotation- 
5 detecting sensor, for delecting a signal indicative of rotation of the camshafl or crankshaft, which may then 
be subjected to frequency division to form the a pulse signal having the sampling frequency Fs, and the 
timing pulse signal X'. . 

In addition, it goes without saying that the present invention isi. by no means limited to the above 
embodiments, but variations are possible Insofar as it does not go beyond the scope of the Invention. For 
10 example, the invention can be applied to a four-cylinder type engine;- an eight cylinder-type engine, etc. 
Further, the number of kinds of timing pulse signals X is not limited to 4. but it may be Increased to 6. to 
thereby perform more accurate and fine vibration/noise control. 

Claims : . *• ^ ' » ^: \ . 

1. In a vibration/noise control system for a vehicle having a chassis, a: compartment, and a power, plant for 
driving said vehicle, periodic or semi-periodic vibrations and noises being generated from at least one 
vibration/noise source including said power plant, arranged at at'ifeast one predetermined location on 
said chassis or in said compartment, the system including: ■ o i^e : 

20 ' first filter means for generating a control signal for changing ir...tr5nsf3? characteristic of at least one 

vibration/noise-transmitting path formed t>etween said at least one source and said at least one 
predetermined location by filtering a predetermined input signa*' supplied thereto, said first filter means 
having a filter coefficient on which it operates; . . « ■.'•^r i : rt^, ^.ft j ,,3- : 

driving signal-forming means for converting sad 'COiV^ * sr : V''^to .a^^ . 
25 electromechanical transducer means responsive to saLa ?5 v -gnaMor controlling said vibrations 

and noises; ■ . ' • ^ • ' 'M^c..^ : 

error signal-forming means for forming an srror signaS *^ />::ofrresidual.ylbrations and noises 
remaining after said vibrations and noises have beeri reciucet, output from said at least one 
electromechanical transducer means through addit5on:of vector?.; ;:^ ^ 
30 second filter means for representing a transfer characteristi.c^of.a -vibration/noise-transmitting path 

formed between said driving signal-forming means and said error sicnaf-fornriing means, and generating 
• a reference signal; and r > • : 

control signal-renewing means for renewing said filter coefficient of said first filter means such that 
said error signal assumes the minimum value, based on said. error signal, sad reference signal from 
35 said second filter means, and said filter coefficient of said first filter .means; ./ r v 
the improvement comprising: - . • x • ;.: . . % . . 

first driving repetition period signal-forming means for forming a first pulse signal indicative of a 
driving repetition period of said at least one vibration/noise source per a predetermined very, small 
angle; • . * ' 

40 second driving repetition period signal-forming means for dividing said first pulse signal to form a 

plurality of kinds of second pulse signals which are synchronous, respectively, with repetition periods of 
components of said vibrations and noises inherent to respective component parts of said at least one 
vibration/noise source; 

tap length-changing means responsive to a time interval between adjacent pulses of each of said 
45 second pulse signals formed by said second driving signal-forming means for changing a tap length 
(number of taps) of said first filter; 

said first filter means having a plurality of adaptive digital filters, and said second filter means 
having a plurality of correcting digital filters con^esponding, respectively, to said adaptive digital filters; 
and 

50 means for supplying said second pulse signals formed by said second driving repetition period 

signal-forming means as said predetermined input signal, respectively, to said adaptive digital filters 
and said correction digital filters. 

2. A vibration/noise control system according to claim 1, including external signal-generating means for 
55 generating an external signal indicative of operating conditions of said power plant, and wherein said 

control signal-renewing means includes renewal amount-changing means for continuously changing an 
amount of renewal of said control signal in response to said external signal. 
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3. A vibration/noise control system -aecording to claim .2i. inc4ycling a plurality of operating parameter- 
detecting means for generating respective detection signals:? indicative of respective operating param- 
eters of said power plant, and wherewn: said external signal generated by said external signal-generating 
means comprises at . least one :Cpmbination of said detection signals, changing speed signals indicative 

5 of respective rates of change in said detection signals, and change acceleration signals indicative of 
respective accelerations of change: in^ said detection signals. 

4. A vibration/noise control system according to claim 2 or 3, wherein said extemal signal generated by 
said external signal-generating' means is ^formed through computation by first computing means, said 

10 renewal amount-changing means including second computing;. means for calculating an amount of 
change in said amount of renewal based on an output from said first computing means indicative of a 
result of said computation of said extemab signal* and said error signal. 

5. A vibration/noise control systemeaccordirig to claim 1,. wherein said error signal-generating means 
?5 comprises a plurality of error signal-generating means arranged at a plurality of predetermined 

locations as said atttleast !oner,(predetemnined location 'for generating respective error signals cor- 
responding, respectively; to saidi<predetermined locations, said vibration/noise control system including 
operating condition-detecting means for detecting operating conditions of said power plant, and 
weighting means for Weighting i^aid error signals in dependence on said operating conditions of said 
20 power, plant detected by 'said operating condition-detecting means. . ^ ' : < 

6. A vibration/noise control system according to claim 5. wherein said plurality of error signal-generating 
means comprise a first >enrort ifTi^al-generatir)g means for generating an enror signal indicative of 
residual errors in^controlled noit ::6,aDCCurrcng^ in'^said: compartment, a second error signal-generating 

25 means ^forvgeherating ianr'errxA3a^4l»mdic error in controlled vibrations occurring in a 

floor of said compartment iano^L'*. ^ ' :^bn. signal-generating means for generating an error signal 
indicative of)residual errorrtn;:copifru!^'Lf'.u:i^^ons related to steering of said vehicle. 

7. A vibration/noise control system according to claim 3 or 5, wherein said power plant includes an intake 
30 passage; and^ia throttle' valve Brrang^d^ in sad intake passage, and said operating parameter-detecting 

means at least includes rotational i^eed-rdetecting means for detecting a rotational speed of said power 
plant, intake passage absolute pressure-detecting means for detecting absolute pressure within said 
intake passage of- said power plants and :valve opening-detecting means for detecting opening of said 
throttle valve. 

8. A vibration/noise' control system according toxlaim 3 or 5. wherein said power plant includes an intake 
passage, and a throttle valve arranged in said intake passage, and said operating condition-detecting 
means at least includes rotational speed-detecting means for detecting a rotational speed of said power 
plant, intake passage absolute pressure-detecting means for detecting absolute pressure within said 

40 intake*passage of said power plants and valve opening-detecting means for detecting opening of said 

throttle valve?' > • " • r:;. .« r .{ , 

' '. ' ' '. "' 

9. A vibration/noise control system according to claim 1. 2 or 5, including power plant control means for 
contrdlling operation of said power plant, driving frequency-detecting means for detecting driving 

45 frequency of clock pulses on which said power plant control means operates, and sampling frequency- 
determining means for* determining a sampling interval governing sequential operations of outputting 
and renewing said filter coefficient of said first filter means, according to timing of, said driving 
frequency detected by said driving frequency-detecting nveaos. = 

50 10. A vibration/noise control system according to claim 9, wherein said sampling frequency-determining 
means determines said sampling interval by dividing said; driving frequency. . . 

11. In a vibration/noise control system for a vehicle having a chassis, a compartment, and a power plant for 
driving said vehicle, periodic or semi-^perlodic vibrations and noises being generated from at least one 
55 vibration/noise source including said power plant; arranged at^least one predetermined location on said 
chassis or in said compartment, the system including: 

first filter means for generating a control signal for changing a transfer characteristic of at least one 
vibration/noise-transmitting path formed between said at least one source and said at least one 
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predetermined legation by filtering a predetermined input signal supplied thereto, said first filter means 
having a filter coefficient on which it operates; 

driving signal-forming means for converting said control signal into a driving signal; 

electromechanical transducer means responsive to said driving. signal for controlling said vibrations 
5 and noises; -• -'^ : . : 

error signal-forming means for forming an error signal indicative of residual vibrations and noises 
remaining after said vibrations and noises have been reduced by an output from said at least one 
electromechanical transducer means through addition of vectors; . < \ i 

second filter means for representing a transfer characterlsticof a vibration/'noise-transmitting path 
10 formed between said driving signal-forming means and said error signal-forming means, and generating 
a reference signal; and 

control signal-renewing means for renewing said filter coefficient of said first filter means such that 
said error signal assumes the minimum value, based on said error signal, said reference signal from 

said second filter means, and said filter coefficient of said first fitter means;' * 

75 the improvement comprising: : . c 

first driving repetition period signal-forming means for forming'a first pulse signal indicative of a 
driving repetition period of said at least one vibration/noise source per a predetermined very small 
angle; ■ ■ . r :r ;i";on; 

second driving repetition period signal-forming means for dividing said first pulse signal to form a 
20 . plurality of kinds of second pulse signals which are synchronous-. respectively, 'vith repetition periods of 
components of said vibrations and noises inherent to respective component parts of said at least one 
vibration/noise source; . - : r • .ijb ^ — . • 

sampling interval-detenmining means for determinin "• ollng interval governing sequential 
operations of outputting and renewing said filter coefficiona . ■ i::rst filter meanc. based upon timing 
25 of detection of the first pulse signal detected by the firs* liri^ ^ . ''.tion poricd stgni! forming means;; 

transfer characteristic-correcting means for correelir ^♦^c^k .c r^haracteiistic of said second filter 
means according to said sampling interval determined ■ > . -uT : ling- :;5ten'al determining means; 

memory means for storing said transfer characteristic of said sscond filter means corrected by said 
transfer characteristic-correcting means; v - \^^ro:j:: r;\■^ -. t,. 

30 means for setting a tap length of said first filter means t. ii.va!ue substantially equal to a ratio of a 

frequency of said second pulse signal to a frequency of said. firs'i?pulse signal; ■ 

said first filter means having a plurality of adaptive digital filters, and said second filter means 
having a plurality of correcting digital filters con^esponding, respectively, to said, adaptive digital filters; 
and 

35 means for supplying said second pulse signals formed by said second driving repetition period 

signal-forming means, as said predetermined input signal, respectively, to said adaptive digital filters 
and said correction digital filters. -'?•,. s « 

12. A vibration/noise control system according to claim 11. including; . : . . • 

40 third filter means interposed between said first filter means and said electromechanical transducer 

means for correcting a rate of change in said control signal from said first filter meanSi said third filter 
means having a filter coefficient on which it operates; 

corrected signal-renewing means for renewing said filter coefficient of said third filter such that said 
error signal indicative of residual vibrations and noises assumes the minimum value, based on said 
45 error signal and said filter coefficient of said third filter means; 

change rate-calculating means for calculating a rate of change in said driving repetition period 
detected by said first driving repetition period signal-forming means; 

determining means for determining whether or not said rate of changed calculated by said change 
rate-calculating means is larger than a predetermined value; 
50 and ' 

means for causing said corrected signal-renewing means to operate while inhibiting said control 
signal-renewing means from operating when it is determined by said determining means that said rate 
of change calculated is larger than said predetermined value, and for causing said control signal- 
renewing means to operate while setting said filter coefficient of said third filter means to a fixed value 
55 and inhibiting said corrected signal-renewing means from operating. 

13- A vibration/noise control system according to claim 12, wherein said third filter means comprises an 
adaptive digital fitter having a number of taps which is one. 
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14. A vibration/noise control system according to claim 1.1 or .:2, including means providing a plurality of 
frequency ranges of said sampling frequency corresponding, respectively, to different values of 
rotational speed of said power .plar)t»vsaid transfer characteristic-correcting means storing a plurality of 
transfer : characteristics,' said 'transfer i characteristic-correcting means including selecting means for 

5 selecting an optimum transfer; characteristic from said plurality of transfer characteristics, based on one 
of said frequency ranges corresponding to a value of said rotational speed of said power plant and said 
sampling interval detected by said sampling interval-determining means. 

15. A vibration/noise control system, according to claim 11 or 12, wherein said transfer characteristic- 
10 correcting means stores a high order transfer characteristic determined by a sampling frequency 

corresponding to a high frequency which is several times as high as a frequency corresponding to an 
upper limit of a rotational speed>of said.power plant 

16. A vibration/noise control system^iaccordrng to any of claims 1. 2. 5. 11 or 12,< including pseudo-period 
IS train-forming means for forming a pseudo-period train of said filter coefficient of said second filter 

means, based on the number oftitapsof^said first filter means, a time interval between adjacent pulses 
of each of said second pulse 3signals, and a sampling frequency governing sequential operations of 
outputtirig and renewing said filterr^coefficient of said first filter means, and memory means for storing 
said pseudo-period train of said filter coefficient of said second filter means formed by said :pseudo- 
20 > period train-formirtg means«-:^»6'<; 6 !jin;}ri;,. ^ r : ; ' 

17. A vibration/noise control system according, to 16. including point number-calculating means for 
calculating a point number indicative of a ratio of a repetition period of a component of said vibrations 

and noises to a^sampling ieteR^-'^lj^r^jerrtnined^byr.^ sampling frequency, based on said time Interval 
25 ■■ betweerv: adjacent' pulses «of ^ao^k - said" second . pulse signals and said sampling interval, equalizing 
means for making the number of v . ^f^sald first filter means equal to said point number calculated by 
♦ ^ said point number<:arGulating m(ii£i3ifc^ ^ ^ ^^^ ^ - i • . 

wherein sald^pseudo-periocKilaEn/^forming means comprises first pseudo-period train-forming means 
for forming a first pseudo-period trakp'of\said filter: coefficient of said second filter means, when said 
30 point number is smalter than ^e>ntjmt>er of £taps of said second filter means, by the use of the folbwing 
• equations ''• i';/«-Of-^-;nf;i> "ic -:? --..i rif- .= . '..^ • -i,' ^ , -^r 

■ ^ - '• • ■•■ ■^ = • ./i -eo ". '■'■^divN ' Q ■ ' 

a-O 

(n = 0. 1. 2. vi-r^n-l) <: . - ^ .j ^.mhv:—. 

(a = 0. 1.2, .... JdivN) 

where GT represents said pseudo-period train. CA said filter coefficient of said second filter means, J the 
number of taps of said second filter means, N said point number, and JdivN an integer obtained from 
J/N by omitting fractions of J/N. and » 

second pseudo-period train-forming means for forming a second pseudo-period train of said filter 
45 coefficient of said second filter means, when said point number is- larger than the number of taps of 
said second filter means, b/ the use of the following equation: 

C~ = [CAj Cj = 0, 1 J-1). 0 0] , - i r . 

60 where the number of 0 in (0, .... 0) is equal to N> Jpand . :<i / 

reference signal-forming means for forming a reference signal- based on said first or second 
pseudo-period trains of said filter coefficiient'of said second filter means formed by said first or second 
psudo-period train-forming means. ' c : 

65 18. A vibration/noise control system according to claim 17.1 wherein said memory means stores two sets of 
each period of said pseudo-period train of said filter coefficient of said second filter means, and said 
reference signal-forming means forms said reference signal by shifting a reading range of said 
reference signal corresponding to one period of said pseudo-period train within said two sets of each 
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period of said pseudo-period train of said filler coefficient of said second filter means. 
• . "? * • ' . ; * 

19. A vibration/noise control system, according to claim 17, wherein -said reference signal-forming means 
forms said reference signal by shifting said reading range per each sampling interval based on said 

5 pseudo-period train of said filter coefficient of said second filter means. ■ . ' • • . . 

20. A vibratlon/nolse control system according to claim 1. 2. 11 or 12. -wherein said power plant comprises 
a four-cycle engine, said engine having a crankshaft, said vibration/noise control system Including 
reference signal-generating means for generating a reference signal whenever said, crankshaft com- 

10 pletes two rotations, synchronism-detecting means for detecting synchronism between said reference 
signal and each of said second pulse signals generated by said second driving repetition period- 
generating means, and synchronizing means for synchronizing said reference signal detected the next 
time with each of said second pulse signals when said synchronism-detecting means does not detect 
synchronism between any of said second pulse signals aid > said reference signal. 

15 ^ . • • . . • 

21. In a vibration/noise control system for a vehicle having a chassis; a' compartment, and a power plant for 
driving said vehicle, periodic or semi-periodic vibrations and noises being generated from at> least one 
vibration/noise source including said power plant, arranged at a* -(east one predetermined location on 
said chassis or in said compartment, the system including: '.i- r; . : .* . 

20 first filter means for generating a control signal for changing a transfer characteristic of at . least, one 

vibration/noise-transmitting path formed between said at leasi one source and said at least one 
predetermined location by filtering a predetermined Inpu; signal supplied thereto, said first filter means 
having a filter coefficient on which it operates; j h ' : • : r»' : i . 

driving signal-forming means for converting 'Said contrr I s:.^ > - : driving signal : . ' 

25 electromechanical transducer means responsive to. said • ; ♦^j ^^jrisJ fcr controlling said vibrations 

and noises: ..-''t.-*- k k- 

error signal-forming means for forming an error signa' . .. . . of residual vibrations and noises 
remaining after said vibrations . and noises have be-an redu;;*.. Ivjioan output frpm said at least one 
electromechanical transducer means through addition of vector:;;; .j<: . a . . 

30 second filter means for representing a transfer eharactariSuC of a vibration/nolse-transmitting path 

formed t)etween said driving signal-forming means and said error signal-forming means, and generating 
a reference signal; and 

control signal-renewing means for renewing said filter coefficient of said first filter means such that 
said enror signal assumes the minimum value, based on said error signal, said reference signal from 
35 said second filter means, and said fitter coefficient of said first filter means; 
the improvement comprising: 

first driving repetition period signal-forming means for forming a first pulse signal indicative of a 
driving repetition period of said at least one vibration/noise source per a predetenmined very small 
angle; 

40 second driving repetition period signal-forming means for dividing said first pulse signal to form a 

plurality of kinds of second pulse signals which are synchronous, respectively, with repetition poriods of 
components of said vibrations and noises inherent to respective component parts of said at least one 
vibration/noise source; ... 

random signal-generating means for a random signal having a small amplitude which is superposed 
45 on said control signal from said first filter means; and 

sampling inten/al-determining means for determining a sampling interval governing sequential 
operations of outputting and renewing said filter coefficient of said first filter means; 
said second filter means comprising: 

periodic signal component-eliminating means for forming a residual component signal by eliminat- 
50 ing a periodic signal component ascribed to said at least one vibration/noise source which Is large In 
amplitude from said error signal formed by said error signal-fomiing means; 

transfer characteristic-determining means for determining a transfer characteristic of a path through 
which said vibrations and noises are transmitted, base6 on said random signal generated by said 
random signal-generating means, said residual component signal formed by said periodic signal 
55 component-eliminating means, and said filter coefficient of said second filter means; and 

memory means for. storing said transfer characteristic determined by said transfer characteristic- 
determining means. 
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22. A vibration/noise cx^ntrol :system according to claim Zlvewherein said periodic signal component- 
eliminating means includes filter, means fomned by an. adaptive digital filter for forming a canceling 
signal, said filter means having a if liter coefficient, residual component signal-forming means for forming 
sard residual component sigfnal based on said canceling signal and said error signal, and periodic 

5 sig|nal-<Jetermming means for deterrrrining said periodic signal component based on said second pulse 
sigr^al, said* residual component signal; and said filter coefficient of said filter means. 

23. A vibration/noise control system according to claim 21 or 22, including first memory means formed of a 
train of storages for sequentially storing said random signal per sampling interval determined by said 

10 sampling interval-determiningi^ means, .and first pseudo-period train-forming means for forming a 
pseudo-period train of said random signal by sequentially adding up values of said random signal 
stored In said storages, and second memory means formed of a train of storages for sequentially 
storing said residual component signal per sampling interval determined by said sampling interval- 
determining means , and second pseudo-period train-forming means for forming a pseudo-period train 

75 of said residual component signal by sequentially adding up values of said residual component signal 
stored in said storages of said second memory means. 

24. A vibration/noise control system according to any of claims 1, 2, 5, 11, 12 or 21, wherein said power 
plant has a crankshaft, a camshaft, and a flywheel rigidly fitted on said crankshaft, said first driving 

20 repetition period signal-forming means comprising at least one of first detecting means for detecting a 
first basic pulse signal generated whenever said crankshaft rotates through a predetermined rotational 
angle, second detecting means for detecting a second t>asic pulse signal generated whenever said 
camshaft rotates through a predetermined rotational angle, third detecting means for detecting a third 
pulse signal from a spark signal used to cause combustion in said power plant, and fourth detecting 

25 means for detecting a fourth basiQ^pulse generated whenever said flywheel rotates together with said 
crankshaft through a predeterminecl^ rotational angle, said first pulse signal comprising one of said 
signals detected by said first to fourth detecting means. 

25- A vibration/noise control system according to any of claims 1, 2, 5, 11, 12. or 21. wherein sad power 
30 plant has a crankshaft, a camshaft, a flywheel rigidly fitted on said crankshaft, said first driving 
repetition period signal-forming means comprising at least one of first detecting means for detecting a 
first basic pulse signal generated whenever said crankshaft rotates through a predetermined rotational 
angle, second detecting means for detecting a second basic pulse signal generated whenever said 
camshaft rotates through a predetemnined rotational angle, third detecting means for detecting a third 
35 pulse signal from a spark signal used to cause combustion in said power plant, and fourth detecting 
means for detecting a fourth basic pulse generated whenever said flywheel rotates together with said 
crankshaft through a predetermined rotational angle, said first pulse signal comprising a combination of 
two or more of said signals detected by said first to fourth detecting means. 

40 26. A vibration/noise control system according to claim 11. 12 or 21. wherein said sampling interval- 
determining means determines said sampling interval by multiplying said first pulse signal. 

27. A vibration/noise control system according to claim 1. 11 or 12, wherein said power plant comprises an 
engine having a plurality of cylinders, and other component parts, said repetition periods of compo- 

45 nents of said vibrations and noises inherent to respective component parts of said at least one 
vibration/noise source being classified into ones inherent to said cylinders of said engine and ones 
inherent to said other component parts of said engine, said adaptive digital filters of said first filter 
means and said correcfion filters of said second fitter means being for controlling vibrations and noises 
from respective ones of said cylinders, said second pulse signals including signals corresponding to 

50 said ones inherent to said cylinders of said engine, which are supplied, as said predetermined input 
signal, respectively, to different ones of said adaptive digital filters and said correction digital filters, 
said control signal-renewing means renewing said filter coefficient of said adaptive digital filters of said 
first filter means such that an optimum transfer characteristic is generated, for controlling vibrations and 
noises to a corresponding one of said cylinders. 

55 

28. A vibration/noise control system according to claim 21. wherein said power plant comprises an engine 
having a plurality of cylinders, and other component parts, said repetition periods of components of 
said vibrations and noises inherent to respective component parts of said at least one vibration/noise 

34 



EP 0 560 364 A1 



source being classified into ones Inherent to said cylinders of said engine and ones inherent to said 
other component parts of said engine;; said first filter means having a plurality of adaptive digital filters, 
and said second filter means having a plurality of correcting: digital filters corresponding, respectively, 
to said adaptive digital filters, said adaptive digital fillers of said first filter means and said correction 
fillers of said second filler means being for controlling vibrations .and noises from respective ones of 
said cylinders, said second pulse signals including signals corresponding to said ones inherent to said 
cylinders of said engine, which are supplied, as said predetermined input signal, respectively, to 
different ones of said adaptive digital filters and said, correction digital filters, said control signal- 
renewing means renewing said filter coefficient of said adaptive digital filters of said first filter means 
such that an optimum transfer characteristic Is generated, for controlling vibrations and noises to a 
corresponding one of said cylinders. . i •!•..• : ^■ 
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